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INTRODUCTION 
The analysis of vitamin A by oolorlmetrlc methods has 
been the topic of many investigations In the past twenty five 
years* Numerous methods have been proposed, tested and fi­
nally discarded with the conclusion that they lacked speci­
ficity and/or the required sensitivity to measure small 
amoimts of vitamin A in biological materials* 
The method that appears to be the most accepted and most 
used in biological and investigational work is the so-called 
Carr-Prlce or antimony trichloride method* Although this 
method produces an Intense blue color with vitamin A which 
permits testing of very small quantities of vitamin A, the 
color builds up to a maximum and then begins to fade within 
5 to 10 seconds at room temperature. The color must be de­
veloped in the absence of moisture to avoid the formation of 
a suspension of antimony oxychloride which results in a false 
instrument reading. The color development and fading rate 
are dependent upon the intensity of light striking the reac­
tion mixture. Many improvements in technique and apparatus 
for measuring the blue color have tended to minimize the dis­
advantages of the antimony trichloride method, but for the 
average analyst a reliable and sensitive method which can be 
used without numerous precautions and special techniques 
would be highly desirable. 
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Wlthln the last foup years a new colorlmetrlc reagent, 
which has many desirable features for the measurement of 
vitamin A, has been introduced. The reagent is glycerol di-
ohlorohydrin that is activated by vacuiim distillation with a 
small amoxint of antimony trichloride. The violet color pro­
duced with vitamin A is stable for several minutes but has an 
extinction coefficient only about one-fourth that of the an-
tiirony trichloride color. Traces of moisture apparently do 
not interfere with the color reaction. The color may be 
measured with practically any type of colorimeter or spectro­
photometer, and Sobel and Snow (211) reported a method of 
measurement which approximates the sensitivity of the anti­
mony trichloride method. Eecause of the advantages of the 
activated glycerol dichlorohydrin method (214), it is being 
used in some analytical laboratories. 
Regarding the use of activated glycerol dichlorohydrin, 
Dann (43) has stated that "the reagent appears more likely 
to displace antimony trichloride than any other which has 
yet appeared, and it deserves to be widely tested". As yet, 
very little information regarding the chemistry of the ac­
tivation of glycerol dichlorohydrin or its reaction with vi­
tamin A has been reported. 
This investigation was initiated in an attempt (1) to 
determine the nature of the activation of glycerol dichloro­
hydrin with certain acids, metallic and nonmetallic halides. 
3-
acyl halldes and other compounds, (2) to determine the struc­
tural requirements necessary In glycerol derivatives to pro­
duce good color when nixed with a vitamin A solution, (3) to 
determine the effect of various solvent-reagent ratios on the 
absorption spectra of the products of the reactions of vita­
min A with activated glycerol dlchlorohydrln, (4) to deter­
mine the effect of added impurities on the development of 
color, and (5) to determine the probable mechanism of the re­
action of vitamin A with activated glycerol dlchlorohydrln. 
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REVIEW OP THE LITERATURE 
Discovery of Vitamin A 
Although the medicinal use of cod liver oil was general 
in Western Europe by 1840 (83), it is only since the recog­
nition of deficiency diseases that progress regarding the 
cause of avitaminosis has been made. Detailed accounts of 
early work dealing with this subject are presented in Sher­
man and Smithes Monograph (201) and the Medical Research 
Council's Survey of the Vitamins (125)* 
In 1913, McCollum and Davis (117) found that growth 
ceased prematurely in rats fed on a synthetic diet in which 
the fat supplied was lard* I^ on the addition of butterfat 
or an ether extract of egg yolk to the diet growth was re­
sumed and it was oonoluded that the effect might be due to 
the presence of complex organic lipins or substances asso­
ciated with the latter. Osborne and Mendel (167, 168) ob­
served that growth of rats waa not maintained on a diet of 
purified foodstuffs and "protein-free milk" but was resumed 
on the addition of either butter or cod liver oil. Fvirther 
work by McCollum and Davis (119-122) and Osborne and Mendel 
(169) indicated that two distinct types of food accessory 
factors are required for normal growth, one was named "fat-
soluble A" and the other "water-soluble B". To simplify the 
nomenclature of these accessory factors Drummond (45) recom­
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mended the use of the terms vitamin A and vitamin B* 
tfellanby (126) demonstrated that rickets is a deficiency 
disease due to a shortage of an accessory substance which was 
considered to be fat-soluble A. Substances containing and 
associated with fat-soluble A were thought to be concerned 
with calcification processes. Cod liver oil possessed fac­
tors which would promote growth and would cure rickets. Al­
though both of these properties were originally ascribed to 
the same factor, evidence that there was only a limited cor­
relation between growth promotion and oitirachitic activity 
soon acctuBulated. McOollum and coworkers (123) found that 
the vitamin A activity of cod liver oil could be destroyed 
by aeration for 20 hours at lOO^ C. while the antirachitic 
activity was unaffected. Lesne and Vagliano (110) came to 
similar conclusions. It was then concluded that cod liver 
oil contains two distinct food accessory factors which be­
came known as vitamins A and D. 
Properties of Vitamin A 
Several vitamins A (A^ ,^ Ag, A^  (7), neovltamln A) have 
been reported but only vitamin A^  will be considered here. 
It is the most abundant and biologically Important of this 
group of vitamins. 
e^ chemical nature of vitamin A^  ^(to be called vitamin 
A in this report) has been quite thoroughly investigated. 
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MoCollxim and Davis (118) in 1914 demonstrated that it could 
be extracted from saponified butterfat. Numerous investi­
gators have since shown the vitamin to be concentrated in 
the nonsaponifiable fraction and many attempts to isolate it 
are based on this principle (see (83) and (187) for further 
discussion of this point). 
The following properties of vitamin A have been estab­
lished : 
Crystalline form 
Empirical foxnnula 
Molecular weight 
Boiling point 
Melting point 
Solubility 
Optical activity 
Absorption maximum 
Absorption maximum of 
SbCl3 reaction 
product 
Absorption maximum of 
activated glycerol 
dichlorohydrin re­
action product 
Fluorescence 
pale yellow crystals 
®20®30^  
286 
120-125® C. at 5 X lO'^ rm (85) 
63-640C. (8) 
Soluble in most fats and or­
ganic solvents 
none 
325-328 (172) 
620 0^ 
555 aj^  (213) 
green in ultraviolet 
light (215-217) 
The chemical constitution of vitamin A has been estab­
lished mainly by the work of Karrer and coworkers (98, 99). 
The formula they suggested has been confirmed by Heilbron, 
Morton and Webster (84) and is as follows: 
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Mllas (141), Oridgeman (71), Hellbron (80) and Johnson 
(92) have reviewed the research on the synthesis of vitamin 
A and closely related compounds* Several more recent publi­
cations include the synthesis of vitamin A (198), vitamin A 
esters (90), and vitamin A ethers (78, 90, 142)* 
The vitamin occurs in nature in both the ester and free 
alcohol forms* The alcoholic form predominates in eggs (159) 
and normal blood serum (67, 177), while the ester is the 
principal form in colostrum and milk (176), fish, fowl and 
mammalian livers (68, 69, 177, 184) and fish liver oils 
(85, 183)* The esters are thought to be more stable than 
the free alcohol (5, 9, 50, 85, 187). The decomposition of 
vitamin A is an oxidative reaction catalysed by heat and 
light (15, 51). 
The dietary deficiency of vitamin A may result in night 
blindness, poor growth, atrophy of epithelial tissues and tis­
sues of the eye. Increased lability to general infection and 
other difficulties* The physiology of this vitamin is ade­
quately covered by several reviews (13, 83, 185, 187). 
Development of Assay Methods 
Biological Assay 
Early studies have shown that the growth of rats is re­
lated to the vitamin A content of the diet. The prevention 
and cure of certain pathologic conditions has also been 
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attributed to vitamin A. 
The growth method. As early as 1920 the growth method 
was introduced as a technic for assaying vitamin A in test 
materials (46, 170). Since then considerable experimentation 
has resulted in many refinements in the method. Nelson and 
DeWitt (160) have reviewed much of the literature leading to 
the development of the presently accepted biological assay. 
The essential features of the method are as follows: 
Young rats weighing between 40 and 50 grams are fed a basal 
diet which supplios all essential nutrients needed for growth 
except vitamin A* When the animals cease to grow the vitamin 
A stores have been depleted* The animals are then placed in 
separate cages and fed a specified daily allotment of the 
test material as a supplement to the basal diet. During this 
test period individual weights are recorded at regular inter­
vals. The increase in weight during the test period may be 
used as a meaaure of the vitamin A content In the material 
being tested. Several levels of the vitamin A-containlng 
material are generally fed to matched groups of animals and 
the resulting growth is graded to the dose. The relation 
between dose and growth response is not linear but may be 
represented by a curve. Coward and her coworkers (37, 40, 
41) have studied this relationship quite extensively. 
Munsell (153) has reviewed much of the literature con­
cerning the important variables affecting the accuracy of the 
results ol)talned by the biological assay. The variables 
which have been investigated include: selection of a basal 
diet free of vitamin A and yet complete in all other fac­
tors; age, weight and dietary history of experimental ani­
mals; acceptable animal weights at the end of the depletion 
period; determination of suitable depletion criteria; length 
of the test period; use of females and males; method of ad­
ministering test doses; number of animals required for an 
assay group; number of groups receiving graded doses of 
test material reqtiired to establish the relation between 
gain in weight and the vitamin A intake. 
Coward (38) has described in some detail most of the im­
portant details of biological assay methods. The method 
adopted by the United States Pharmacopoeia is the one most 
extensively used at the present time. The procedure is de­
scribed in considerable detail (180) and requires careful 
study for a full understanding of all the details. The de­
scription of the method is mainly for the purpose of law en­
forcement but for moat routine assay laboratories much of 
the detail is not important. 
In 1931f the Health Organization of the League of Na­
tions (108) adopted a vitamin A standard. This consisted of 
a preparation of carotene made from carrots and the Inter­
national Unit was defined as the activity of one microgram 
of the standard. The same organization in 1934 (218) changed 
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the ataxidard to ptire i^ -oarotene and the tmlt was defined as 
the vitamin A activity of 0.6 microgran of the standard. 
Qridgeman (70) has reviewed the pertinent literature regard­
ing the calibration of cod liver oils in the preparation of 
U.S.P. Reference Cod Liver Oils. 
Ouerrant ^  al. (74) demonstrated that vitamin A acetate 
offered definite advantages» as a vitamin A standard, over 
U.S.P. Reference Cod Mver oil and over commercially avail­
able crystalline vitamin A alcohol and ^ -carotene. Chil-
cote, Ouerrant and Ellenberger (30) have recently investi­
gated the stability of vitamin A acetate when stored imder 
various laboratory conditions. They reported that vitamin 
A acetate in the crystalline state and when dissolved in a 
refined cottonseed oil is sufficiently stable to warrant its 
use as a vitamin A standard. The U.S.P. Vitamin A Reference 
Standard (232) now In use is a solution of crystalline vita­
min A acetate in cottonseed oil contained in a special gela­
tin capsule. This oil solution has a biological potency of 
10,000 U.S.?. units of vitamin A in each gram. Ellenberger, 
Ouerrant and Ohilcote (49) have made comparisons of the ex­
tinction coefficients and the relative biological potencies 
of the U.S.P. Reference Cod Liver Oil no. 3, the new Vitamin 
A Reference Standard, crystalline vitamin A acetate and the 
International Standard. 
Oridgeman (70) and Heilbron et (83) have reviewed 
the subject of errors that may be encountered in the bio­
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logical assay procedure. 
Single-dose growth method. The growth method Involves 
feeding vitamin A supplements at periodic Intervals for sev­
eral weeks and the estimation of vitamin A potency is based 
on weight gain over the test period. However^  this technic 
may be modified by administration of a single dose of test 
material to vitamin A-depleted animals. The survival period 
of the animals may be taken as a measure of the vitamin A 
content in the test material (161« 200). Sherman and Tod-
hunter (202) applied this assay technic by using a curve re­
lating weight to survival time. 
Vaginal smear method. One of the earliest vitamin A 
deficiency symptoms to appear is abnormal estrus and kerat-
inization of vaginal epithelial cells in the female rat. 
Evans and Bishop (59) showed that this condition could be 
corrected by feeding vitamin A. Several Investigators 
(7, 39, 143, 182} have attempted to apply this phenomenon 
as the basis of a quantitative method for assaying vitamin 
A potency of test materials. Although the method has several 
advantages, it does not lend Itself for general adoption, be­
cause of the rather tedious procedure and because the response 
to a small dose is difficult to evaluate. Coward (38) pre­
sents a good review of the research concerning this method. 
Liver storage method. Guggenheim and Kock (75) have 
recently proposed a biological assay based upon the fact that 
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the anoimt of vitamin A stored in the liver varies directly 
with the dose fed, Foy and Morgareide (64) made a study of 
this method and report several advantages over the U.S.P. 
ourative'-growth method: a short depletion period of six days; 
a very short dosing period of two successive days with 0.1 
ml. of oil containing the vitamin A; maintenance of experi­
mental animals in good health since they grow normally 
throughout the test; good specificity and precision; and 
economy. The principal disadvantage is in the high sample 
potency required. Further work on liver storage of vitamin 
A fed to depleted rats has been reported by Querrant (73}. 
Ehysico-chemical Methods 
As more information regarding the physical and chemical 
properties of vitamin A accumulated the application of some 
of this information in the development of new quantitative 
assay methods was forthcoming. The methods which have been 
most extensively studied are the selective ultraviolet ab­
sorption and the colorimetric reactions of vitamin A and com­
pounds closely related to vitamin A. 
The ultraviolet absorption method. As early as 1925 
Takahashi and associates (225) made a study of an active vi­
tamin A preparation (Biosterin) and stated that this material 
showed a selective absorption at 320 i^ . Korton and Heilbron 
(147) showed that vitamin A in fish liver oils has a selec­
tive absorption band at 328 Crystalline vitamin A has 
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one synnietrioal absorption band with a high extinction co­
efficient (£ l^ flcm) at a peak which occttrs between 320 
and 330 (10, 88, 246}. Baxter and Robeaon (10) report 
a mean extinction coefficient of 1750 i: 21 for nine dif­
ferent crystalline vitamin A preparations In ethanol solu­
tion. The extinction coefficients (B l^ ,lcm} of vitamin A 
esters are lower than that of vitamin A alcohol (9). 
Orldgeman (70) has summarized the available data on the 
effect of the various solvents on the extinction coefficient 
at 325 nya* Pure ethanol, Isopropanol and cyclohexane appear 
to be satisfactory solvents while chloroform invariably gives 
a lower extinction coefficient. 
That there is good correlation between absorption at 328 
091 and the biological activity of oils and concentrates has 
been demonstrated by several groups of investigators (47, 60, 
115, 147, 174). Certain oils, however, display at 328 
extraneous absorption which may be eliminated for the most 
p&rt by determining the absorption on the nonsaponlfiable 
fraction (40, 124, 150). 
It is quite generally agreed tliat the principal source 
of error in the estimation of vitamin A in various materials 
by this method is extraneous absorption. Oser and his co­
workers (174) suggested that there is more likely to be an 
agreement between the biological assay and the spectrophoto-
metrlc assay of a fish liver oil when its extinction ratio 
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£300/388 less than 0.72. This is based on a quantitative 
estimate of the departure of the sample curve from that of 
pure vitamin A. Morton and Stubbs (149, 150) have recently 
devised a mathematical method for correcting absorption 
curves for the extent of deviation from that of true vitamin 
A. Corrections can be made for distortion of the shape of 
the curve and displacement in its height by irrelevant sub­
stances* Oser (171) has constructed a nomogram iihich facili­
tates correction of vitamin A absorption curves. 
Recently Servigne, Pinta and Hontgareuil (199) have ad­
vocated a new technic for the removal of vitamin A in oils 
for spectrophotometric analysis. The oil is saponified and 
the unsaponified material is extracted with petroleum ether. 
The extract is passed through a column containing iron fil­
ings which adsorb the vitamin A. After elution with 60^  
ethanol the vitamin A is measured by its ultraviolet absorp­
tion over the range of 300 to 350 nyju 
Little (111) suggested using the method of destructive 
irradiation for the determination of vitamin A in fish liver 
oils and concentrates which have extraneous absorption at 
328 m^ . The validity of destructive irradiation technics is 
dependent upon (1) complete destruction of vitamin A at 328 
m^  and lack of absorption by its decomposition products and 
(2) absence of any change in absorption of substances other 
than vitamin A. These conditions were met when filtered ir-
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radlatlon vhlch did not contain vavelengtba coincident with 
absorption maxima of substances other than vitamin A were 
used. The method was used for the determination of vita­
min A In oilsp liver and muscle tissue* This principle has 
been applied In the analysis of butter (157), margarine 
(158) and blood serum (12, 113}* 
Vitamin A In the presence of carotenolds may be deter­
mined speotrophotometrloally by using other technics• 011-
1am (67) has assayed butter by making a correction for the 
oontrlbutlon of carotenolds to the total abaorptlon at 325 
tyu Avarapa, JUattson, Mehl and Deuel (4) have applied a 
chromatographic method for the removal of vitamin A from an 
aliquot of a sample. The absorption of light Is measured at 
300, 322, and 350 before and after the chromatographic 
treatment* The vitamin A content Is calculated from the dif­
ference In readings at 322 ^m* The method Is reported to be 
applicable to the determination of vitamin A In animal tis­
sues and vegetable oils low In vitamin A and containing ap­
preciable amounts of nonsaponlflable materials* Kuller (151) 
has reported a chromatographic separation of vitamin A alco­
hol, vitamin A eater and ^ -carotene and their spectrophoto-
metrlc determination* Wllkle (238) has reviewed the results 
of collaborative chromatographic spectrophotometric estima­
tion of vitamin A in margarine* 
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Munaell (153) and Dann (43) have reviewed the types of 
instruments used in the spectrophotometric fflethod. These in­
clude various types of spectrophotometers, spectrographs and 
the Hilger vitameter vhich is an instrument developed for 
the express purpose of determining vitamin A in fish liver 
oils. The instrumental error in the ultraviolet absorption 
method has been adequately summarised (43). 
The factor for conversion of the observed extinction 
coefficient of a sample to its biological potency has been 
discussed in niuoeroua articles and the subject is too con­
fusing to warrant a thorough discussion here. Oridgeman 
(70) presents a rather complete coverage of this topic. 
Other authors (38« 43« 146, 153) have reviewed the subject 
to some extent. Recently Ellenberger, Querrant and Chilcote 
(49) calculated conversion factors of twenty-seven repre­
sentative fish oils (nonsaponifiable fraction) in terms of 
the present U.S.P. vitamin A reference standard. These ranged 
from 840 to 2240 with a logarithmic mean of 1500. The vari­
ability of conversion factors indicates that no single factor 
would be readily applicable to all fish oils. 
A rather complete discussion of the ultraviolet absorp­
tion method for determinizig vitamin A has been published by 
the Association of Vitamin Chemists, Inc. (3). 
Colorimetric methods. Color tests for vitamin A have 
been studied quite extensively for over twenty five-years. 
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but actually a test used as long as sixty years ago to indi­
cate the quality of cod liver oils apparently depended upon 
the vitamin A content of the oil (33). As early as 1920, 
Rosenheim and Drummond (188) suggested a possible relation­
ship between the color reaction of cod liver oil with con­
centrated sulfuric acid and the fat-soluble accessory fac­
tor. Much investigation since that time has revealed a num­
ber of reagents which give colorinntric reactions with vita­
min A* Rosenheim and Driunmond (189) reported color reactions 
of arsenic trichloride, dimethyl sulfate, trichloracetic 
acid, acetyl chloride and benzoyl chloride (the last two in 
the presence of ZnClg) with cod liver oil and suggested the 
use of arsenic trichloride in chloroform as a colorimetric 
reagent for the quantitative estimation of vitamin A. 
Fearon (62) claimed that good color developed on treat­
ing oils containing vitamin A with a petroleum ether solu­
tion of trichloracetic acid in the presence of pyrogallol 
or other polyphenols. This test was further Investigated 
(239) and later shown to be non-specific for vitamin A 
(191, 192, 240). 
A number of color reagents were systematically studied 
by Carr and Price (25). These Included arsenic trichloride, 
trichloracetic acid, stannic chloride, ferric chloride, 
alxuninum chloride, silicon tetrachloride, antimony trichlor­
ide and phosphorus oxychloride. Antimony trichloride dls-
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solved In chloroform was recommended and its advantages 
listed* Several early investigators (32, 40, 56, 241} made 
comparisons of the antimony trichloride teat with other color 
tests and the general conclusion was that the former was the 
most satisfactory* The blue color developed by the reaction 
of vitamin A with antimony trichloride in chloroform was 
measured in the early investigations by matching the color 
against standard tinted glasses in a Lovibond tintometer 
(190). Fxirther discussion of the antimony trichloride teat 
will be given later. 
Several variations of the antimony trichloride (Carr-
Price) test have been suggested. Morton (145) proposed the 
addition of 7-methylindole to the reaction mixture to cause 
alterations in the absorption spectriun of the pigment which 
have better correlation between the ultraviolet absorption 
and the color reaction. Rosenthal and associates (193, 194, 
196) added catechol or guaiacol before the antimony trichlor­
ide and heated the mixture for about one minute to obtain a 
rather stable violet-red color. Rosenthal and Ssilard (195), 
Tompkins and Bolomey (228) and Sycheff (223) have applied 
the Rosenthal reaction to quantitative measurements of vita­
min A. Outzeit (76) reported the use of hydroxylamine hy­
drochloride in the antimony trichloride test. 
Antimony pentachloride has been used both in qualita­
tive (226) and quantitative analysis (14) of vitamin A in 
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liver oils* Chloroform solutions of 1^  and 2^  antimony 
pentachloride were reported to give weaker but more stable 
blue colors than a sattirated antimony trichloride solution. 
Troitskii (229) made a spectroscopic study of the color re­
action of antimony pentachloride with vitamin A and related 
compound. 
Still other color tests have been reported but not ap­
plied in quantitative estimation of vitamin A* Takeda 
(226), Ueno, Ota and Ueda (231), Schaltegger (197) and Pa­
cini and Taras (175) list a number of testa used strictly 
on a qualitative basis. A number of investigators (57, 104, 
106, 116, 127, 138, 224, 234, 245) have described the for­
mation of color when vitamin A comes in contact with certain 
acid clays* 
Several new colorimetrlc tests have been suggested. 
Nasal (156) devised a method which depends on the interac­
tion of vitamin A with a chloroform solution of diphenyl-
amlne in the presence of ferric chloride and concentrated 
hydrochloric acid to form a blue-green color with a maximiim 
intensity after 30 minutes. Grldgeman (72) reported little 
success with this method. Robin (186) suggested the reaction 
of vitamin A with the Llebermann-fiurchard reagent to give a 
blue-green color and recommended the use of acetic anhydride 
to make the reaction mixture homogeneous. The use of glycer­
ol dichlorohydrin as a colorimetrlc reagent was Introduced 
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In 1945 (63, 212), and full discussion of this reagent will 
be given later. The most recent color reaction for vitamin 
A is similar to the Obermayer's test for indioan which in­
volves reaction with ferric chloride in concentrated hydro­
chloric acid solution (26). 
The antimony trichloride method* The antimony trichlor­
ide method was originally proposed by Carr and Price (25) and 
is based on the measurement of the unstable blue color formed 
by the interaction of antimony trichloride and vitamin A. 
Some early studies of the antimony trichloride reaction 
with oils (163, 164, 243) showed that the color was not pro­
portional to the concentration of vitamin A; however, re­
sults obtained with the nonsaponifiable fraction gave a more 
linear relationship (40, 206, 242)* These values checked 
reasonably well with the biological method (40, 107, 206)* 
Much of the early spectrographic data concerning the 
color developed by reaction of vitamin A with antimony tri­
chloride has been reviewed by Munsell (153). Under suitable 
conditions it was found that the absorption at certain wave 
lengths were altered by changing concentration, temperature 
or by adding certain chemicals (19, 55, 145, 165). It is 
now quite generally agreed that vitamin A in any of its forms 
possesses a single strong absorption band at 620 
Although the so-called Carr-Price reagent has been widely 
used, it has several disadvantages which have caused investi­
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gators to seek new and better colorImetrie reagents. It is 
corrosive, poisonous and hygroscopic, which make it unpleas­
ant to handle. The color produced is tmstable and begins 
to fade within a few seconds after its formation. 
Ender (56) demonstrated that the blue color is extremely 
evanescent at room temperature but is stable for hours at low 
temperatures (-40^ 0.}• The stability of the color is influ­
enced even by small temperature changes, an increase of 10°C. 
above ordinary room temperature makes the color fade more 
quickly while a corresponding fall in temperature has the op­
posite effect. Caldwell and Hughes (21) made a study of the 
effect of temperature on fading of the antimony trichloride 
colors of vitamin A and the common carotenoid pigments. The 
rate of fading of the vitamin A-antimony trichloride color 
is strongly accelerated by Increase in temperature, but the 
carotenoid-antimony trichloride colors develop axid fade much 
more slowly. 
The time required for the blue color to reach a maximum 
is influenced by the type of sample tested, the concentration 
of vitamin A, the Intensity of the incident light beam end 
also by the degree of damping of the galvanometer used in the 
instrument employed in the measurement of the color (3). 
Caldwell and Parrlsh (22) found that the lowest rate of color 
loss was obtained with Instruments employing a minimal light 
source. A special cuvette holder has been devised which per-
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mlts the use of the antimony trichloride method In the Beck-
man spectrophotometer (94). 
Other factors influencing the fading Include the age of 
the reagent (44) and the particular batch of antimony tri­
chloride being used (87). 
Although certain carotenoids give a blue color with an­
timony trichloride, Caldwell and Hughes (20) demonstrated 
that vitamin A possesses chromogenic powers 10-to 25-fold 
greater than the common carotenoids* In the meastirement of 
vitamin A in the presence of carotenoids, an appropriate 
correction majr be made by determining the contribution of 
the carotene blue color to the total blue color measured at 
620 (3, 44, 144). The necessity for the calibration of 
each photometer for the determination of vitamin A, as well 
as the correction factor for the presence of carotenoids has 
been adequately discussed by Caldwell, Farrish and Shrenk (23). 
Certain substances interfere with the color reaction. 
Corbet, Qeisinger and Holmes (36) have identified and tabu­
lated a number of these and stated that the most significant 
characteristic associated with substances producing colors by 
themselves with antimony trichloride is unsaturation. Norris 
and Church (162) stated that oleic acid and unsaturated oils 
accelerate the rate of fading of the blue color, while Em-
merle (54) indicated that certain unsaturated fatty acids 
(oleic and linoleic) do not inhibit the color reaction. 
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The presence In natiiral products of substances which in­
terfere vith the measurement of the antimony trichloride-vi­
tamin A color has been recognized by a number of workers 
(12, 18, 35, 42, 54, 65, 81, 155, 165, 166, 173, 178). 
One method of correcting for the presence of substances 
which modify the intensity of the blue color is the increment 
method of Oser, tfelnick and Fader (173). By adding a known 
increment of vitamin A to a chlorofora test solution the 
standard is subjected to the same inhibitory effect as the 
vitamin A originally present. This method is applicable only 
when the instrument used for measurement of color gives a lin­
ear response over the assay range. 
The most generally used method for removing most of the 
interfering substances is saponification prior to extraction 
of vitamin A (12, 105, 176}. 
Under special conditions the removal of certain of the 
interfering pigments from vitamin A extracts prior to reac­
tion with the antimony trichloride reagent has been succes­
sful. Methods employed include chromatography (18, 34, 35} 
and precipitation (16)* 
Meimier and Rauol (137) made comparisons of the deter­
minations of vitamin A in fish liver oils by the antimony 
trichloride reaction and ultraviolet spectrography and foujod 
that in general the results were in fairly close agreement 
and no constant difference was evident. Differences as high 
as 23^  were occasionally observed. 
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Klnetlo studies of the antlooxiy trichloride reaction 
have been reported by Meunler and Rauol (135, 136). 
Several modifications have been suggested to Improve 
the method of measurement of the blue color* Hock (86) de­
vised a mlcromethod which permits a photographic recording 
of the Carr-Prlce reaction so as to eliminate errors due to 
fading. Urban, Milder and Carruthers (233) have developed 
a mlcromethod for simultaneous determination of both vita­
min A and carotene on the same sample at O^ C. They claim 
the method is over one hundred times as sensitive as that of 
Dann and Evelyn (44) for measuring vitamin A and carotene in 
blood. Oibson and Taylor (66) have described a dyxiamlc meth 
od which involves measuring the color in a flowing mixture 
so that the time of observations are unaffected by the tran­
sient nature of the color reaction. Hock and Kaplan (105) 
suggested the simultaneous measurement of the blue color on 
both standard and unknown, cancelling errors due to fading. 
The antimony trichloride reagent forms blue colors with 
other substances related to vitamin A, including subvitamin 
A^ , anhydrosubvitamin Ax, anhydrovltamln A^ , vitamin A2 and 
anhydrovitamin (52), axerophten (100), isoaxerophten 
(97), dlvltamln A ether (129) and kitol (53). 
Several publications (3, 11, 102, 227) have devoted con 
slderable space in discussion of the antimony trichloride 
method which includes the application of the method to an-
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alysls of biological materials, reasons for low results, 
precautions necessary, and other points that should be con­
sidered by anyone who contemplates use of the method. 
The glycerol dichlorohydrin method. Sobel, Mayer and 
Kramer (208) first suggested the use of glycerol dichloro-
hydrin as a new colorimetric reagent for vitamins Dg and 1^ . 
The reagent gave satisfactory color reactions in the presence 
of acetyl chloride or other halides of acid nature. 
The use of glycerol dlchlorohydrln as a colorimetric re­
agent for vitamin A was reported in 1945 almost simultan­
eously by Feinstein (63) and Sobel and Werbin (212). The for­
mer indicated that glycerol dlchlorohydrln reacted with vita­
min A in either ethylene dichloride or chloroform. The re­
action mixture was 5 ml. of reagent containing 2 drops con­
centrated hydrochloric acid and 10 ml. of a chloroform solu­
tion containing 600 to 3000 U.S.P. units of vitamin A. The 
mixture was shaken 5 minutes then after 30 minutes the blue-
green color was read in a photoelectric colorimeter using a 
660 m^  filter. The vitamin A content in the teat solution 
was then determined by reference to a standard curve. Tlie 
absorption spectriun of the resulting color showed foiir maxima 
between 400 and 800 m)i, within 10 to 20 minutes after the 
start of the reaction. These peaks were located at approxi­
mately 440, 580, 640 and 740 with a deep minimum density 
at 500 Without hydrochloric acid In the reagent an ab­
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sorption maxima was observed at 560 and a low density 
value at 620 
Sobel and fferbin (212) proposed the use of Eastman, 
practical grade, glycerol dichlorohydrin with no special 
precautions. Upon addition of the reagent to a chloroform 
solution containing vitamin A an immediate but rapidly 
changing blue color developed which had an absorption maxi­
mum at 625 (similar to but not identical with the anti-
nK>ny trichloride-vitamin A color). The blue color was soon 
replaced by a violet color with an absorption maximum at 555 
 ^which was reported to be stable from 2 to 10 minutes af­
ter the initial mixing of vitamin A and the reagent. The 
advantages of this method over the antimony trichloride tech­
nic are the greater stability of the color produced and the 
stability of the reagent. The chief disadvantage is that the 
extinction coefficient at 555 is about one-foiu:*th that of 
the antimony trichloride blue color. The interference due 
to carotene was reported to be similar to that encountered 
in the Carr-Price reaction. The reaction between carotene 
and the reagent produces a colored product with absorption 
maxima at 475 and 625 lyt with minima at 550 and 700 ^  
Agreement between the glycerol dichlorohydrin and antimony 
trichloride methods was reported. 
In 1946 Sobel and Werbin (213) reported that glycerol 
dichlorohydrin from other firms, and most of that from East­
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man Kodak, did not give color when added to vitamin A dis­
solved In chloroform. Vithen these dlchlorohydrlns were dis­
tilled with 1 to 5% antimony trichloride at 4- to 40-mm. 
pressure, the activated products reacted with vitamin A* The 
concentration of antimony calculated as the trichloride In 
the activated reagents varied from a trace to 0.67^ * However, 
antimony trichloride per se added In levels ranging from 0.1 
to 1.0^  did not cause activation of glycerol dlchlorohydrln. 
Activated and practical glycerol dlohlorohydrln reacted sim­
ilarly with vitamin A hut gave different reactions with caro­
tene. The activated reagent was reported to be relatively 
stable for two months or more when stored In the absence of 
light. There was no appreciable difference In the absorp­
tion curves obtained over the range of 400 to 750 lyi when 
the activated reagent reacted with vitamin A alcohol or vi­
tamin A acetate. The color resulting from the reaction of 
vitamin A and activated reagent has an absorption maxlmtua at 
555 ryim The color obeys Beer's law over a wide range. The 
Interference of vitamin Dg, ergosterol, 7-dehydrochole8terol 
and cholesterol Is negligible, while that of carotene ranges 
from 7,35% with the Beckman spectrophotometer to 11^  with 
the Coleman spectrophotometer. The absorption curve of the 
carotene-activated glycerol dlchlorohydrln (ODH) color In­
creases quite rapidly from 700 to 900 mji whereas the vitamin 
A color no longer absorbs above 630 By taking readings 
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at 555 and 800 it is possible to meastire both vitamin A 
and carotene. Traces of moisttrre present on the most humid 
days do not affect the vitamin A-ODH color. 
Sobel and Werbin (214) made a comparison of the spec­
trophotometries antimony trichloride and activated glycerol 
dichlorohydrin (ODH) methods for estimating the vitamin A 
in fish liver oils. On the whole, it was oonclxided that the 
agreement between the values obtained by the ODH and anti­
mony trichloride methods was close. Most of the values ob­
tained by the ultraviolet absorption measurements wore high­
er than the corresponding results obtained by the other two 
methods. Taking the values obtained by the ODH method on 
whole oils as 100, the per cent deviation of the antimony 
trichloride valuea were 1.63^ lower while the £ (l^,lcm} x 
2000 valuea were 17.11^  higher on oils not giving atypical 
colore. On the nonaaponifiable fractiona the per cent de-
viationa of the antimony trichloride valuea were 4.11^  lower 
and the apectrophotometric valuea were 26.25^  higher. Whole 
oila analysed by the ODH method tended to give resulta which 
were cloaer to the nonaaponifiable valuea than the other two 
methoda. 
Activated glycerol dichlorohydrin haa been uaed for the 
eatimation of vitamin A in human aerum (211). Becauae of 
the stability of the ODH-vitamin A color it is possible to 
measure the light absorption in a horizontal cell with a 5 
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cm. light path rather than In the regular Coleman cuvette 
which has a 1.3 cm* light absorption path. The color can be 
read more accurately than the SbCl^  color^  which required a 
test-tube type cuvette for rapid reading. A modification In 
Instrumentation, the use of a 555 xa^  filter In place of the 
PC-4 filter In the Coleman universal spectrophotometer was 
suggested. The change Increased the sensitivity to that of 
the Beckman spectrophotometer. The Interference of carotene 
was found to be higher than with the SbCl^  reaction when 
light absorption measurements were made with a wide band 
width of light like that given by filter photometers or the 
Coleman spectrophotometer. In a study of sixteen sera, the 
vitamin A values resulting from the determination with ODH 
on whole sera were higher than the SbCl^  results on the same 
samples. Good agreement, however, was found between saponi­
fied serum analyzed with SbOl^  and both whole and saponified 
sera estimated with ODH. This Indicated that saponification 
Is not necessary when ODH Is used as the colorlmetrlc rea­
gent for the estimation of vitamin A In human serum. How­
ever, for the most valid results, particularly when high 
values are anticipated, they suggested saponification of 
serum before extraction. Vitamin A values with and without 
anhydrous precautions were in good agreement. A further sim­
plification of the analytical procedure which involved meas­
urement of carotene at 800 vau following its reaction with 
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6DH was Investigated* This method of measiiring carotene 
was only slightly less precise than the measurement at 440 
in petroleum ether extract, and the use of long wave 
lengths (830 was suggested as a means of improving the 
precision. The vitamin A and carotene values in the final 
simplified method (no anhydrous precautions and carotene 
measurement at 800 compared favorably with the conven­
tional method* Directions for the analysis of small qmnti-
ties of serum (1 ml*} were presented along with those for 
the preparation and use of calibration charts for vitamin A, 
carotene and carotene interference* The method may be used 
on the Coleman and Beckman spectrophotometers, filter pho­
tometers and visual colorimeters* 
Activated glycerol dichlorohydrin has been employed as 
the colorimetric reagent for the estimation of vitamin A in 
other biological materials. Sobel, et al* (210) used it in 
the analysis of rat blood serum. Squibb (219) and Squibb, 
Cannon and Allen (220) applied it in the measurement of vita­
min A in blood plasma from lactating dairy cows} the pro­
cedure used was essentially that recommended by Kimble (103) 
except for the substitution of ODH for antimony trichloride 
as the colorimetric reagent* Recoveries of 95.9 to 100 per 
cent of natural vitiunin A ester added at four different 
levels were reported. Murley and associates (154) employed 
this reagent for measuring vitamin A in blood plasma from 
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young dairy calves being fed various filled milks* Fresh 
whole milk has also been analyzed for its vitamin A content 
by tising GDH (221); the method used was essentially that 
of Boyer, jet (17) except for the substitution of ODR for 
antimony trichloride. 
In an investigation of the effect of dispersion on the 
absorption of vitamin A and carotene by young dairy calves, 
Yang (244) employed GDH for the estimation of both vitamin 
A and carotene in the blood plasma. Vitamin A was measured 
at 555 ^  and carotene at 950 vyi in the Beckman model DU 
spectrophotometer. Part of the analyses were made on whole 
and part on saponified plasma samples. The latter appeared 
to give more acceptable results. 
Allen, Wise and Jacobson (1) found that certain sub­
stances in the blood plasma from some yoimg dairy calves in­
terfered with the development of the ODH-vitamin A and ODH-
carotene color reactions. Saponification with freshly pre­
pared 1 N K3H in 95% ethanol prior to extraction with Skelly-
solve A removed or counteracted most of these inhibitory 
substances. Recovery of vitamin A added as internal stan­
dard was not always good when the plasma was not saponified, 
but was generally excellent in the oases of saponified plas­
ma samples. Calves receiving a whole milk diet which was 
supplemented occasionally with vitamin A or carotene con­
centrates appeared to have more inhibitory substances in 
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thelr blood plasma than, calves on other diets. The authors 
recommended that saponiricatlon be Included in routine an­
alysis for vitamin A and carotene in calf blood plasma. 
Konsaponification and saponification procedures were de­
scribed. 
Antoniani and Artom (2) reported the use of glycerol 
1,3-dichlorohydrin in the colorimetric measurement of vita­
min A in an oil concentrate. Their procedure involved 
addition of a Z0% solution of antimony trichloride in chloro­
form to a mixture of a chloroform solution of the oil and 
glycerol dichlorohydrin. The color was measured in a spec­
trophotometer after 3 minutes. The reagent was used to im­
prove the intensity and performance of the color obtained 
with antimony trichloride. 
HUller (152) made a comparison of the antimony tri­
chloride and ODH methods for estimating vitamin A. The 
specificity of both color reactions was found to be approx­
imately the same. The advantages of the new reagent are the 
good stability of the color reaction between 3 and 10 min­
utes and in the low susceptibility to small temperature var­
iation. Between 15° and 30^ 0. the extinction coefficient 
increases about 0.5^  per degree rise in temperature. Its 
disadvantages are that strong illumination and long reading 
time in the step-photometer result in a distinct fading of 
the color. Because of the sensitivity of the reaction mix­
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ture to light it was suggested that the development of color 
shoi2ld be in the dark or diffuse light up to the time of 
measiirement and that the measurement should be nnde as quickly 
as possible (within 30 seconds). 
Wall and Kelley (237) made a study of the application of 
the vitamin A-ODH reaction to the determination of vitamin A 
in fortified poultry mashes* Certain substances present in 
both unsaponified and saponified extracts suppressed or In­
terfered with the color reaction of vitamin A and GDU. An 
adsorbent mixture of 3 parts E(yflo Super-cel and 1 part ac­
tivated magnesia No* 2641 removed most of these substances 
from the feed extract when the length of the adsorption col­
umn, volume of eluant and quantity of the sample adsorbed 
were carefully regulated* False vitamin A reaction with ODH 
was observed in the extract of a mash containing high propor­
tions of fish meal and distiller's solubles* The method was 
found to be applicable for routine analysis of feeds which 
contain over 1500 1*U* vitamin A per pound* The disadvan­
tages of the procedure were (1) an empirical correction for­
mula was necessary in calculating the vitamin A content of 
the feed and (2) the method could not be applied to the eval-
tiation of free vitamin A alcohol since the vitamin would be 
strongly adsorbed through the OH group* 
Activated glycerol dichlorohydrin has been employed as 
a colorimetric reagent for estimatiiag vitamin D3 (24), er-
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gosterol (58) and for distinguishing between 7-hydroxy-
oholesterol and V-dehydrocholesterol (209)* 
Chemistry of the Vitamin A Determination 
This diaousalon will be limited to a presentation of 
the known chemistry of the antimony trichloride and glycerol 
dichlorohydrln reactlona with vitamin A. 
The Antimony Trichloride Method 
As early as 1931, Bellbron, Oillam and Morton (81) pro­
posed the possible formation of the compoimds vitamin A»SbCl3 
and vitamin A.2SbCl3 since antimony trichloride was known to 
form certain double compounds, CeH4(CH3)2*Sb0l5, CgQ4(CH3}2* 
2SbCl5, etc. They postulated that certain Inhibitors could 
remove SbCls from the sphere of action with vitamin A and 
thus modify the equilibria: 
vitamin A -f* SbCl^  m SbCl3*vitamin A 
SbClj'Vitamin A 4- SbClj s 2SbGl5*vitamin A 
No actual proof of these complexes was given. 
In 1932, Ender (56) found that a blue oil formed by the 
reaction of vitamin A concentrate with antimony trichloride 
at low teoq)erat\ires (-30® to -50®C.). The chloroform layer 
was decanted and an ice-cold mixture of water and lOJ^  KOH 
was added \mtll the blue color disappeared. The mixture was 
extracted with benzene, and the benzene removed by vacuum 
distillation. A highly unsaturated reddish-yellow oil re-
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malned vhloh reacted with antimony trichloride to give about 
one-third the color value of the original vitamin A concen­
trate. This product was not biologically active and vas 
quite imstable. The reddish yellow oil had absorption bands 
at 390, 370, 351 and 300-290 
Edisbury, ^  al. (48) attempted to recover vitamin A 
from the blue solution obtained by reaction with antimony 
trichloride by po\iring the mixture into much water. I^ rtlal 
decomposition of the vitamin had occurred and was accompanied 
by the appearance of narrow absorption maxima at 399, 376, 
357 and 340 m^ , and sometimes by additional less definite 
maxima at 425, 324, 308 and 280 These data appear to 
support the view that the initial reaction product is a 
vitamin A-SbCl loose addition product, but secondary pro-
cesses (perhaps a condensation) cannot be excluded and may 
account for the narrow bands. Condensation was also sug­
gested as a possible reaction mechanism by Wokes and Willl-
mott (243). 
A chromogenlc material was also recovered from the an­
timony trichloride reaction product of vitamin A by Shants, 
Gawley and Embree (205}. The technique employed was rapid 
quenching of the blue color with ethanol, addition of ac-
queous HCl to effect a separation of layers, extraction with 
petroleum ether and recovery of the extracted product. The 
product was called anhydrovltamln A and had absorption maxima 
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at 390, 370, 350 and somefclnies 332 It was concluded 
that anhydrovltaaln A Is an Intermediate In the develop­
ment of the antimony trichloride blue color. Several pos­
sible structures for anhydrovltamln A were postulated. It 
Is evidently a hydrocarbon with at least five and probably 
six double bonds. 
Meuziler (129) has proposed a mechanism of the reaction 
of vitamin A with antimony trichloride In which the reagent 
acts as a reaction adsorbent (similar to add clays), caus­
ing Ionization and color formation. Earlier studies with 
acid clays (127, 138} Indicated that some clays which pos­
sess Incomplete electronic octets are able to give Intense 
blue color with vitamin A In a non-polar solvent. By do­
nating unshared electrons to acid clays the vitamin A mol­
ecule undergoes polarization and forms positively charged, 
strongly resonating structures. These electronic changes 
may be represented as follows: 
This phenomenon of mesomerlsm Is made more evident by showing 
the entire vitamin A molecule In formula (a). 
Rl - CHg - 0 - R 
(R s H or -COR) 
acid 
clay 
Clay 
(b) 
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-
(aO 
^ . 
J "*3 f"' 
The position of the double bonds oannot be precisely stated* 
The formula limits are probably one or the other and beoause 
of this state of eleotronio instability the Intense blue 
ooloration results. While the positive pole position is in-
determinant) the negative oharge is maintained on the olay 
by the alcoholic oxygen. The vitamin A could exist in four 
ionic forms (two cations, two anions). It is impossible to 
isolate this blue color from the clay. This indicates that 
the coloration is due to the phenomenon of adsorption. Ad­
ditional electronic theory of the reaction of vitamin A 
with acid clay has been published by Javillier and tfeimier 
(91). 
When vitamin A reacts with antimony trichloride, the 
molecule is ionized at the OH group and is held by the anti­
mony trichloride by sharing of an octet with the oxygen atom 
(129): 
(+•) . . ('^ ) 
Rn - CH2 - 0 : R and (a]^  s ag) : 0 - R 
• (-) • (-) 
SbClg^  SbClg^  ' 
The mesomeric state may be responsible for the blue color, 
with maximtim absorption at 620 vyd, which is attributed to 
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the oscillation of the five conjugated double bonds. 
As mentioned above there is quite good evidence for the 
formation of anhydrovitamln A during the colorimetric reac­
tion of vitamin A with antimony trichloride. Anhydrovitamln 
A has been called axerophtene (133, 134) and cyclized vita­
min A (84) by others. A mechanism for the formation of the 
anhydrovitamln A during the antimony trichloride reaction 
has been proposed by Meunier and coworkers (129, 133, 134). 
Let us consider formula a^  above in which the position of 
the double bonds is different than in the original vitamin 
A. At the moment of treatment of the blue color with a sol­
vent (alcohol) which may donate electrons, the reaction of 
the ion may be represented as followst 
[..-.fi. .0..... 
This reaction involves the loss of a proton from carbon 
atom 4 and the formation of a double bond between carbon 
atoms 4 and 5. The resulting carotenold is a hydrocarbon 
with six conjugated double bonds. The structure of this 
compound has been postulated by several workers (84, 133, 
205) and is generally accepted in the above form (100, 129, 
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132, 204). Antimony trichloride reacts with this carotenoid 
to form a blue color with an absorption spectrum that is vir­
tually identical with the vitamin A-antimony trichloride col­
or (52, 129, 205). Meunier (129) suggested that SbCl^  shares 
an octet with carbon atom 4 of the ring leaving a mesomeric 
state among the five double bonds present. This may be rep­
resented as follows: 
Divitamin A ether is reported to be another product of 
the reaction of vitamin A with antimony trichloride or an 
acid clay (129, 139, 140}. The ether, after extraction from 
the reaction mixture, gives a color reaction with SbCls 
(maximiuo absorption at 589 which is the same as that of 
-^carotene* The mechanism suggested for the formation of 
this ether Involves the formation of the anion (R - CHg - 0 } 
("••) 
and the cation (R - CHg). These then combine to give the 
symmetrical divitamin A ether R - CHg - 0 - - R. This 
ether apparently reacts with antimony trichloride by sharing 
an octet with each of the two electron doublets adjacent to 
the ether bridge, leaving two oscillating systems of four 
double bonds each within the molecule* 
A mechanism of the reaction of ^ -carotene and other 
-40 
oarotenolda with antimony trichloride haa alao been propoaed 
by Metmler (128-131). The colore appear to reault from the 
wandering of electric chargea acroaa the ayatem of double 
bonda and the Intenalty of the color la proportional to the 
aqiiare of the length of the conjugated ayatem* 
The Glycerol Dlchlorohydrln Method 
The chemistry of the activation of glycerol dlchloro­
hydrln and the reaction of thla reagent with vitamin A la 
quite obacure. 
Several methods for the activation of glycerol dlchloro­
hydrln have been described by Sobel and Werbln (213). The 
addition of concentrated hydrochloric aold« acetyl chloride» 
phoaphorua pentachlorlde, anhydroua aluminum chloride or ben­
zoyl chloride to Inactive glycerol dlchlorohydrln gave rea­
gents which reacted with vitamin A to give blue colors chang­
ing to violet. Concentrated aulfxirlc acid, atannlc chloride 
and zinc chloride were reported to produce reagents which 
gave blue color which did not change to violet. 
The preferred method for activating glycerol dlchloro­
hydrln la the distillation of the compound with 1 to anti­
mony trichloride at 4- to 40-mm. pressure. The first sug­
gested method was to add 100 ml. of CHGI3 containing 10 to 
50 grams of antimony trichloride to 1000 ml. glycerol dl­
chlorohydrln. Later It was foimd that the solid could be 
( 
added directly* The chloroform fraction was discarded then 
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the activated reagent collected at 4- to 40-mm. pressure* 
Several kinds of glycerol dlchlorohydrln were used In the 
activation studies* These Included Eastman, practical grade; 
l,3-dlchloro-2-hydroxypropane from the Ohio Chemical Mfg. 
Co.; and a mixture of 1,3- and 2,3-dlchlorohydrlns from Shell 
Chemical Co* 
No mechanism for the activation by vacutun distillation 
with antimony trichloride was proposed* The activity appar­
ently was not due to the antimony trichloride per se. since 
the addition of this compound in levels ranging from 0*1 to 
1*0^  failed to cause activation* 
Glycerol 1,3-dlchlorohydrin, glycerol 2y3-dichlorohy-
drln and glycerol lf3-dlbromohydrin were reported (213) to 
be activated with antimony trichloride* Apparently a niim-
ber of compounds have been tested In an attempt to determine 
the structural requirements for the preparation of activated 
reagents* ' Sobel (207) implied tliat the compounds listed in 
another report (208) were tested with negative results. 
These included ethylene chlorohydrin, trlmethylene chloro-
hydrin, propylene chlorohydrin, propylene glycol, acetylene 
tetrachloride, trlchlorohydrin, l-chloro-2,3-epoxypropane 
and glycerol cc-monochlorohydrin. It therefore seems evident 
that a hydroxyl and two halogen groups are required to pro­
duce an activated reagent. This is further borne out by the 
fact that the acetylated derivative of glycerol dlchlorohy-
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drin could not be activated. 
As far as could be ascertained the only other report 
of the activation of glycerol dichlorohydrin involves the 
use of concentrated hydrochloric acid. Penketh (179) claims 
that the activating principle is hydrochloric acid (or per­
haps hydrogen ions, since sulfuric acid has some activating 
effect}f small quantities of which are formed during distil­
lation Kith antimony trichloride. Activation by addition 
of about 2 per cent of concentrated hydrochloric acid pro­
duces a reagent which, if used within a short time, behaves 
In a similar manner to that activated by the usual manner. 
On standing the activation increases somewhat but loses the 
desirable property of stability of the chromophor. 
No mechanism for the reaction of activated glycerol 
dichlorohydrin with vitamin A has yet been proposed. The pro­
duct or products of the reaction have not been described. 
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APPARATUS 
tfost of the glycerol derivatives used In this Investi­
gation were vacuum distilled from a 1-llter Clalsen flask 
submerged In an oil bath. A thlck-walled capillary tube was 
sealed Into a glass stopper to fit the filling neck of the 
flask* A piece of rubber tubing was placed on the top sec­
tion of the capillary tube* By adjusting a screw clamp on 
the rubber tubings the rate of bubbling of air through the 
solution was easily adjusted* All Joints In the apparatus 
were glass* Vacuum was obtained with a water pump and the 
pressure was Indicated by a mercury manometer* 
The absorption spectral data were collected by utiliz­
ing the Cary recording spectrophotometer (see Figure 1}* 
This Instrument was a Model 12 manufactured by the Allied 
Physics Corporation, Pasadena, California* Prior to run­
ning the absorption spectriua of a given substance, the mul­
tipot adjustment was made over the spectral range to be 
used* During this adjustment each cell was filled with the 
blank solution which was set to read zero optical density* 
The multipot adjustment corrected for slight differences In 
the absorption of light by the cells at various wavelengths* 
The 50 mm* absorption cells were used when making studies 
In the visible range* When the ultraviolet spectrum was 
required, the 10 mm. absorption cells were employed* Details 
jo^ soo^ ottdoj^ oedis 9aTp:to39H -£290 *I 
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regardlng operation and maintenance of the instrument are 
found in the mantial supplied by the concern that manufac­
tures the machine. 
The remainder of the spectral absorption data was ob­
tained by using a Beckman quartz spectrophotometer, model 
DU. Calibrated Corex cells with 1 cm* light path were 
used throughout this work. The slit width setting was 
kept at 0.065 mm. unless otherwise indicated. 
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METHODS 
Purification of Glycerol Derivatives 
Most of the glycerol derivatives studied were purified 
by vacuum distillation. Quantities up to about 700 or 800 
ml. could be placed in the 1-llter Claisen flask. The tem­
perature of the oil bath which surrounded most of the bulb 
section of the distilling flask was maintained at 110° to 
120^ 0., except in the case of the distillation of glycerol 
monochlorohydrin which required higher temperatures. An 
even boiling in the distilling flask was assxired by control­
ling the rate at which air was bubbled through the liquid. 
A steady distillation temperature was generally used as the 
criterion of purity of the fractions collected. 
Activation of Glycerol Derivatives 
Qualitative Testa 
Qualitative activation tests were made by placing 1 ml. 
of reagent in a small test tube followed by the addition of 
one drop of activating agent. After mixing, 0.25 ml. of a 
chloroform solution of vitamin A was added and the tube in­
verted to mix the reactants. The resulting color formation 
and change, if any, was noted and recorded. 
Antimony Trichloride Method 
Two methods of activation with antimony trichloride 
were used. The first involved vacuum distillation of the 
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glycerol derivative with approximately Baker's analyzed 
antimony trichloride according to the method of Sobel and 
Snow (211). The first fraction was discarded and the rea­
gent distilling at the proper temperature was collected for 
use in activation studies. 
The second method Involved the addition of Baker's an­
alyzed antimony trichloride to ODH then subjecting the rea­
gents to dry heat for varying lengths of time* The reagents 
were prepared by adding weighed quantities of antimony tri­
chloride to inactive OBH and mixing until the trichloride 
had dissolved* Each reagent was divided into several equal 
portions In glass-stoppered volumetric flasks* After the 
flasks were tightly stoppered, each was subjected to a dif­
ferent heating period at a constant teniperature. After 
coolingf the reagents were ready for tests of activation 
with standard vitamin A solutions* 
Acid Methods 
Vihen activation was accomplished by the use of concen­
trated acids, a known voltuae of acid was pipetted into a 
glass-stoppered volumetric flask followed by the addition of 
inactive ODH to make a known volume of solution* After thor­
ough mixing, the reagent was ready to use* 
Activation with chlorosulfonic acid was accomplished by 
weighing small quantities of Eastman practical grade acid in 
a glass-stoppered volumetric flask, followed by the addition 
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of inactive ODH to make a known volume of reagent. After 
mixing, the reagent was ready to use, or other reagents 
containing lesser qtiantities of acid were prepared by di­
lution with inactive ODH* 
Activation with anhydrous hydrogen chloride was ac­
complished by passing a stream of dry HCl into inactive 
ODR tmtil it was partially or completely sattirated with 
the gas* The dry gas was prepared by adding concentrated 
sulfuric acid to a mixture of concentrated hydrochloric acid 
and sodi\ua chloride. To remove final traces of moisture, the 
gas was bubbled through a concentrated sulfuric acid drying 
column. The concentration of HGl in ODH was determined ei­
ther by weighing or by titration with standard NaOH. Rea­
gents containing lesser quantities of dry HCl were prepared 
by dilution of standardized reagents with inactive ODH. 
Preparation of Vitamin A and Carotene Solutions 
The chloroform used in the preparation of standard vi­
tamin A and carotene solutions was prepared by drying U.S.P. 
grade cliloroform over anhydrous sodium sulfate followed by 
distillation in an all-glass apparatus and finally storage 
over anhydrous sodium sulfate. The reagent was kept in a 
clear, glass-stoppered bottle in a dark cupboard. 
The standard vitamin A solutions were prepared in the 
following manner: A sample of U.S.P. Vitamin A Reference 
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St&odard Oil (orystalline vitamin A acetate dissolved In 
cottonseed oil) was weighed In a glass-stoppered volumetric 
flask. Redistilled, dry chloroform was added to the cali­
bration mark and the contents mixed thoroughly by Inversion* 
Calculation of the vitamin A content was based on the fact 
that each gram of Reference Standard Oil contains an equiv­
alent to 3000 loiorograaa of vitamin A* In the preparation 
of vitamin A reference standard curveSf solutions contain­
ing lesser quantities of vitamin A were prepared by dilution 
of the standard solution. Standard solutions were used with­
in a few hours after preparation. 
Standard carotene solutions were prepared by dissolving 
crystalline ^ -carotene (General Biochemicals, Inc.) in chlor­
oform. From 8 to 10 mg. of carotene were accurately weighed 
then dissolved in chloroform to give 100 ml. of solution. 
Solutions containing less than 10 micrograms per ml. of 
chloroform were prepared by dilution of the standard solu­
tion with chloroform. 
Absorption Spectra 
The absorption spectra of the products of reactions of 
vitamin A with various glycerol derivatives were obtained 
with the aid of the Gary recording spectrophotometer. Ac­
curately measured quantities of reactants were mixed in 50-
ml. glass-stoppered centrifuge tubes and then poured into 
-so-
so nm. absorption tubes. The cells nere placed in the in­
strument id. thin 1 minute and spectral absorption tracings 
were begun at 1.5 minutes (±2 seconds) after the reactions 
Here initiated. The scanning speed was 2 tyt, per second when 
the visible spectral range was being used. Tracings were be­
gun at a wavelength of 700 and proceeded in the direction 
of shorter wavelengths. At the conclusion of an absorption 
tracing, the scanning and chart motors were stopped and the 
machine reversed to the original starting position with the 
tracing needle off the chart. Another curve was then traced 
over the same spectral range. A series of seven or eight 
curves was made for most reaction mixtures. The stability 
of the absorption at each absorption maxima could then be 
determined from the chart. 
Ultraviolet absorption spectra were obtained with the 
same instrument. The 10 mm. absorption cells were used in 
all ultraviolet studies. Tracings were begtm at 400 ^  and 
proceeded toward shorter wavelengths. Scanning speeds varied 
according to the substance being investigated; a speed of 
1 ^  per second appeared to be the most satisfactory. 
Optical Density Measurements 
The optical densities at certain specific wavelengths 
were measvired with a Beckman quarts spectrophotometer, model 
DU. Accurately measured quantities of reaotants were mixed 
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In glaaa-stoppered flasks then quickly poured into a Corex 
cell with a 1 cm. light path. After covering with a glass 
top, the cell was then placed in the cell carrier. The ma­
chine was adjusted to read zero optical density with a so­
lution containing solvent and reagent. Optical density 
measurements were then made at specified wavelengths at 
various time intervals. Extinction coefficients were cal­
culated from all optical density values. 
Preparation of ODH Containing Added Impurities 
The compound or solution to be tested was weighed in a 
glass-stoppered flask. QDH was then added and mixed with 
the impurity being studied. The flask was reweighed and the 
percentage of added impurity calculated. Several concentra­
tions of the impurity were prepared by pipetting 5-, 2-, and 
1-ml. portions into lO-ml. glass-stoppered vol\unetric flasks. 
QDH was added to each flask to make a final volume of 10 ml. 
Each flask was stoppered and the contents thoroughly mixed. 
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EXPERIMEHTAL RESULTS 
Experiments with Glycerol Dlchlorohydrln (ODH) 
Several companies sell glycerol dlchlorohydrlns of vary­
ing purity and composition. Generally speaking the products 
fall Into two categories: (1) glycerol l»3-dlchlorohydrln 
or (2) a mixture of glycerol 1,3- and 2»3-dlchlorohydrlna. 
Both types were available for this Investigation. 
Shell Glycerol Dlchlorohydrln 
At the time that this work was begun, one gallon of 
glycerol dlchlorohydrln Trom the Shell Chemical Company was 
available for use. This product Is a mixture of about 75^  
2,3- and 25% 1,3-dlohlorohydrln. It was a bright yellow col­
or when received. Upon testing with a chloroform solution of 
vitamin A acetate, this ODH was found to be Inactive (gave no 
color test). 
Purification. Before any purification work was begun, 
activation by vacuum distillation with 1 to 5^  antimony tri­
chloride was attempted according to the method described by 
Sobel and Werbln (211). The product was active when tested 
with vitamin A, but on standing the reagent darkened consid­
erably. This property was Indeed undesirable. Redistilla­
tion failed to give a clear product, so purification prior 
to activation was attempted. 
The "as received" ODH was subjected to vacuum distil-
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latlon* The first fraction to distil boiled at a loner 
temperature than ODH and, at first, was a two-phase system* 
Part of this distillate was probably water. When the tem­
perature reached 760C. at a pressure of 15 mm. Hg, the con­
tents in the Glaisen flask began to boil vigorously. At 
this point the receiver was changed and the GDH collected 
over the range of 76° to 78°C. at 15 mm. pressure. This 
distillate was clear and colorless when first collected, 
but on standing for several days in a clear, glass-stop-
pered bottle it gradually tvirned yellow. Activation of 
tMs product by oodlstillation with 1 to 5^  antimony tri-
clilorlde under vacuum again resulted in an active product 
which was clear but faintly yellow in color. On standing 
a few hours this reagent turned yellow-brown and thus was 
not acceptable as a colorimetrlo reagent. Two redistilla­
tions did not give a product which was clear and colorless. 
Treatment of any of the above yellow or yellow-brown 
products with activated charcoal (Nuchar) failed to decol­
orize them even when the mixture was heated to lOO^ G. for 
several minutes. 
A clear and colorless product was finally obtained by 
simply adding about 100 ml. of U.S.P. chloroform to each 
500 ml. of ODH and then subjecting the mixture to vacuum 
distillation. The chloroform fraction was discarded and the 
clear, colorless ODH collected at 76° to 78°C. at 15 mm. 
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presstire. This product could then be activated by oodls-
tlllatlon with 1 to 5^  antimony trichloride to give a clear 
and colorless reagent which did not change color upon stand­
ing for several weeks. The exact function of the chloro­
form In the purification treatment la not known, but It seems 
plausible that the chromogenlc Impurity could be carried over 
with the chloroform fraction. 
Qualitative activation testa. Clear Shell ODH which had 
been previously activated by codlstlllatlon with antimony tri­
chloride was deactivated by treatment with activated charcoal 
(Nuohar}» Approximately 5 grams of Nuchar was mixed with 500 
ml. of ODH In a beaker. The mixture was slowly heated, with 
occasional stirring, to 60^ 0. and then filtered several times 
through a Buchner funnel. This product was clear, colorless 
and Inactive when tested with a chloroform solution of vita­
min A. Various compounds were then tested for their activat­
ing Influence. The color formation was observed and recorded 
(see Table 1). 
The following compotuids appeared to produce good activ­
ity: concentrated hydrochloric add, 60^  perchloric acid, 
concentrated sulfuric acid, chlorosulfonlo acid, methyl sul­
fate, acetyl chloride, benzoyl chloride, phosphorus oxy-
chlorlde, arsenic trichloride (liquid), aluminum chloride and 
2-toluene sulfonic acid. In each case a blue color was first 
formed which changed to violet. The blue color changed more 
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Table 1 
Activation of Shell Olyoerol Dlohlorohydrln with 
Various Agents 
Activating 
Agent 
Aqueous HP (52j() 
Concentrated HCl 
Aqueous HDr (40jS) 
Aqueous HI (47^ ) 
HCIO^  (60jK) 
Concentrated HKO3 
Concentrated H2SO4 
ClSOgH 
Uethyl Sulfate 
Naphthalene-^ ** 
sulfonic acid 
jo-Toluene sul­
fonic acid 
CH3COOH, glacial 
CHgClCOOH 
Color Change when 
Vitamin A was added 
Bright blue changing 
to violet 
No color 
Bright blue changing 
to violet 
Bright blue changing 
to violet 
Bright blue changing 
to violet 
Light blue changing 
to violet 
Blue slowly changing 
to violet 
No color 
No color 
Remarks 
Color quite un­
stable 
Color quite stable 
Color qtdte im-
stable 
Reagent turned yel­
low when acid was 
added 
Color quite stable 
Color quite stable 
Color quite stable 
Color quite stable 
Color quite stable 
Color quite stable 
Faint blue 
Bright blue changing 
to violet 
Blue changing to violet 
Orange 
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Table 1 
(Continued) 
Activating 
Agent 
Color Change when 
Vitamin A was added Remarks 
CCI3COOH 
Citric acid 
CH3COCI 
Benzoyl chloride 
PCI3 
POCI3 
AbCI^ , liquid 
AICI3, anhydrous 
Acetic anhydride 
BiClx 
No color 
No color 
Bright blue 
to violet 
Bright blue 
to violet 
Yellow 
Bright blue 
to violet 
Bright blue 
to violet 
Bright blue 
to violet 
No color 
Light blue 
changing Color quite stable 
changing Color quite stable 
changing Color quite stable 
changing Color quite stable 
changing Color quite stable 
Color quite un­
stable 
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slowly In the case of GfDH activated with sulfuric acid, 
-^toluene sulfonic add and methyl sulfate* It Is Inter­
esting to note that no color resulted when ODH was treated 
with nitric, acetic or trichloracetic acid. 
HCl activation. Two methods of activation with hydro­
gen chloride were Investigated. The first Involved simple 
addition of concentrated hydrochloric acid to redistilled, 
Nuchar-deactivated GDH in quantities ranging from 0.1 to 4,0^  
(volume basis). The resulting reagents were then mixed with 
chloroform solutions containing either 13.9 or 13.6 micro­
grams of vitamin A per ml. In each case the reaction mix­
ture was one part of the vitamin A solution and four parts 
of activated ODH. The absorption spectra of the resulting 
colors were measured in the Gary recording spectrophotometer 
over the spectral range of 330 to 700 oyc. Changes in the 
absorption spectra as the colors aged were determined by scan­
ning the same spectral range every 5 minutes, always starting 
at the red end of the spectrum. 
From the absorption spectrum, which is actually a plot 
of optical density against the wavelength, the extinction co­
efficient at any wavelength was calculated by using 
the equation 
- D 
Icm " 
c x 1 
where D is the optical density, £ is the concentration of 
-58-
vltamln A in grams per 100 ml. and 1 is the length of the 
light path throiigh the absorption cell. The absorption 
spectra of the colors produced by the reaction of vitamin 
A with these HGl-activated reagents are shown in Figtire 2. 
Table 2 
Stability of the Color Developed by the Reaction of Vitamin 
A with Shell ODH Activated with Several Levels of Concen­
trated Hydrochloric Acid 
Time after mixing Concentration of HCl in ODH 
(minutes) 0.1^  0.5$-*- 1,0% 2,0% 4.0^  
SbClj* 
553 
2.22 1039 
2.72 1110 1010 995 964 894 
6.72 822 
7.72 918 803 715 657 504 
11.22 594 
12.72 708 610 473 414 275 
15.72 424 
17.72 538 461 317 266 173 
20.22 306 
22.72 410 349 225 187 130 
24.72 229 
27.72 310 273 170 144 108 
29.22 184 
32.72 247 217 136 122 102 
33.22 155 
a^dded 0.013^  antimony trichloride. 
These curves represent the first absorption curve taken with 
each reaction mixture. 
Table 2 summarizes part of the data collected with the 
recording spectrophotometer and shows the effect of aging on 
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the color at the naxlmuni absorption band (553 Column 
4 of this table Indicates the result of adding 0.013^  anti­
mony trichloride per ^  to a reagent activated by the ad­
dition of 0.5^  concentrated hydrochloric acid. These data 
were plotted (Figure 3} and It Is evident that the reagent 
containing 0*1,^  concentrated hydrochloric acid Is the most 
active* It Is also of Interest to observe that the addition 
of antimony trichloride per se Improved the stability of the 
color. Both activity of the reagent and stability of the 
ODH-vltamln A color decreased as the concentration of hydro­
chloric acid In the reagent Increased. 
The other method of activating ODH with HCl was by way 
of addition of various levels of axihydrous HCl. This gas 
was bubbled Into Inactive ODH until the reagent became sat­
urated. Reagents containing various levels of anhydrous HGl 
were prepared by mixing HCl-saturated ODH with Inactive ODH. 
The normality of each solution was determined by titration 
with standard NaOH using phenolphthaleln as Indicator. The 
formation of a pink color which remained for about 5 seconds 
was designated the end-point of the titration since It was 
found that ODH would react slowly with dilute NaOH. 
Another set of HCl-actlvated reagents were prepared by 
bubbling dry HCl Into Inactive ODH imtll the reagent was ap­
proximately 0.4 N with respect to HCl as Indicated by In­
crease In weight. This was diluted with Inactive ODH to give 
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reagents which had ECl levels ranging from 0 to 0.367 H. 
A total of sixteen reagents activated with anhydrous Hci 
were tested for activity by reaction with standard chloro­
form solutions of vitamin A. Three sets of data were col­
lected using vitamin A solutions ranging in concentration 
from 4.33 to 5*16 micrograms per ml* of chloroform* One ml* 
of vitamin A solution was mixed with 4 ml* of reagent being 
tested and the optical densities of the colors were deter­
mined at 555 with the Beckman spectrophotometer* Read­
ings were made at half-minute intervals between 2 and 5 
minutes and an additional reading made at 6 minutes after 
mixing reagent and vitamin A solution. Optical densities 
were converted to extinction coefficient values. These 
data are summarized in Table 3* In practically all cases 
it was observed that the colors faded after the initial 2 
minute reading* Table 4 summarizes the 2 minute extinction 
coefficients and includes the logarithm of the normality 
to assist in the graphic representation of these data (see 
Figure 4)* Optimum activation was obtained «ihen the rea­
gent was approximately 0*01 N with respect to HCI. Good ac­
tivity was obtained with reagents containing from 0*002 to 
0.08 N HCI* Activity of the reagents were very poor when 
the concentration of HCI was less than 0.003 N. On the 
other hand, when the HCI concentration increased above 0.08 
N the activity rather slowly decreased with increasing HOI 
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Table 3 
Stability of the Color Produced by the Reaction of Vltanln A 
with Shell Glycerol Dlchlorohydrln Activated with Anhydrous 
Hydrogen Chloride 
Normality 
HCl Time after mixing (minutes) 
in reagent 2.O 2.5 3.0 3.5 4.0 4.5 5.0 6.0 
l^om 
0.874 446 455 455 455 446 446 417 397 
0.691 562 562 562 552 532 514 514 475 
0.433 650 650 620 601 581 552 543 514 
0.367 693 693 683 664 644 615 595 566 
0.145 873 843 814 775 746 717 688 640 
0.083 940 901 872 824 785 736 698 620 
0.045 1028 988 950 901 853 804 756 678 
0.0307 1108 1062 1004 958 912 854 808 716 
0.0175 1064 1005 947 898 839 771 722 615 
0.00915 1074 1005 976 868 800 742 673 556 
0.0044 1020 947 878 800 712 654 576 459 
0.00245 993 912 843 773 693 623 566 439 
0.00089 15 15 15 20 20 20 20 20 
0.00021 6 6 12 12 12 12 12 12 
0.000018 0 0 0 0 0 0 0 0 
0.00 0 0 0 0 0 0 0 0 
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levels. It was observed that reagents containing high lev­
els of HCl would produce a deep blue color when vitamin A 
was first added. This color rapidly faded, changed to a 
$ 
violet color and finally appeared to be nearly colorless 
Table 4 
The Activation of Shell Qlycerol Dlchlorohydrln with 
Anhydrous Qjdrogen Chloride 
Normality 
HCl 
Log 
Normality 
«1^  
®lcm _ 
555 
Normality 
HCl 
Log 
Normality 
gl^  
1cm 
555 ^  
0.874 -0.058 446 0.0175 -1.757 1064 
0.691 -0.161 562 0.00915 -2.039 1074 
0.433 -0.364 650 0.0044 
-2.357 1020 
0.367 -0.435 693 0.00245 
-2.611 993 
0.145 -0.839 873 0.00089 -3.051 15 
0.083 -1.081 940 0.00021 -3.680 6 
0.045 -1.347 1028 0.000018 -4.740 0 
0.0307 -1.513 1108 0.0 0 
 ^All optical density readings were made Z minutes after 
mixing the reagent with a chloroform solution of vita­
min A* — 
when the 2 minute reading was made* 
A few of the HCl-activated reagents were permitted to 
stand for several weeks in clear, glass-stoppered volumetric 
flasks. The activity of the reagents was determined after 
three weeks storage using a vitamin A test solution contain­
ing 4.7 micrograms per ml. and after five weeks storage 
using a test solution containing 5.71 micrograms vitamin A 
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per ml* In each case 1 ml. of the vitamin A aolutlon was 
mixed with 4 ml. of reagent. The data collected (see Table 
5) Indicated that the activity of highly active HGl-actl-
vated ODH decreased considerably on standing for five weeks. 
On the other hand, the reagent which initially contained a 
Table 5 
Effect of Aging on the Activity of Shell ODH Activated with 
Anhydrous %drogen Chloride 
Hci Freshly Three Weeks Five Weeks 
in Reagent Prepared Storage Storage 
Icm 
at 555 
0.0307 1108 1016 613 
0.0174 1064 846 
0.00915 1074 857 438 
0.0044 1020 756 499 
0.0089 15 516 315 
All values based on the optical density readings at 
2 minutes after mixing a chloroform solution of vi­
tamin A with the reagents. 
very low level of HCI and had little activity became fairly 
active after standing in the light for three weeks. Two 
weeks later its activity had decreased. It was also ob­
served that the color formed when these "stored" reagents 
reacted with vitamin A was quite imstable, i.e., after 5 
minutes the extinction coefficients were only one-third the 
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2 minute values. 
Siilfurio acid activation. Redistilled, Huchar-deac-
tivated ODH was activated by the addition of concentrated 
sulfuric acid to give reagents with 0.1, 0.5 and l.(^  by 
volume. The activity of these reagents and the absorption 
spectrum of the color resulting from reaction with vitamin 
A were determined by using the Gary recording spectropho­
tometer* One part of a chloroformio vitamin A solution 
containing 13.57 micrograms per ml. was mixed with four 
parts of reagent and the resulting blue solution placed in 
the 50 mm. absorption cell. An absorption spectral curve 
over the range of 330 to 700 ^ Was traced every five min­
utes using a scanning speed of 2 ^ u.per second. Each curve 
was begun at the red end of the spectrum and tracings were 
made until seven curves were obtained. 
The first spectral absorption ctirve for each reaction 
mixture showed absorption maxima at 622, 548-552 and 452 
By the time the second absorption curve was traced, the 
622 ^ band had practically disappeared while the central 
absorption band had increased and shifted about 5 or 6 
toward the shorter wavelengths. Figxire 5 shows the second 
spectral absorption curve for the three sulfuric acid-ac-
tivated reagents after their reactions with vitamin A. In 
each case the tracing was started at 700 t^ at 6.5 minutes 
after the reactants were mixed. As the sulfuric acid con-
t 
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tent in 6DH was increased the absorption at 452 increased. 
However, at 545 ^ the 0.5^  sulfuric acid reagent had the 
lowest extinction coefficient and the l.OjS sulfuric acid re­
agent had the highest. No explanation for this peculiarity 
has been advanced. 
The stability of the absorption maxima could be seen 
from the tracings made with the recording spectrophotometer. 
Table 6 sximmarizes the extinction coefficients of the three 
reaction mixttires at the two principal absorption maxima as 
the reactions progressed* These data are graphically shown 
in Figure 6. Activity of reagent and stability of the 545 
 ^band was greatest in the case of the ODH activated with 
1^  sulfuric acid; maximum absorption occurred between 10 
and 12 minutes after mixing reagent with vitamin A. In the 
case of the 0.5/^  reagent, the absorption was maximal at 
about 8 minutes and then decreased rather rapidly. At 452 
the 1.0^  sulfuric acid-activated reagent exhibited the great­
est initial absorption but the stability of this band was 
less than that for the other reagents. 
Chlorosulfonic acid activation. The stability at the 
548 ^ maxima in the case of the sulfuric acid-activated 
ODH was observed to be greater than the 555 maxima in the 
case of the hydrochloric acid-activated ODH (compare Figures 
3 and 5). It was postulated that perhaps one could use 
chlorosulfonic acid as the activating agent and obtain a 
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Table 6 
Stability of the Color Developed by the Reaction of Vita­
min A with Shell ODH Activated with Several Levels of Con­
centrated Sulfuric Acid 
Concentration of HqSOa In ODB 
Time after mixing ' 
(minutes 0*1^  0*5^  1*0^  
i^cm 5^  
2.82 516 466 545 
7.82 623 540 680 
12.82 621 515 687 
17.82 604 476 668 
22.82 576 444 641 
27.82 548 413 617 
32.82 517 389 591 
®io>o T-
3.57 147 237 293 
8.57 147 203 273 
13.57 131 172 236 
18.57 116 153 208 
23.57 105 145 189 
28.57 98 134 175 
33.57 97 133 165 
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color with vitamin A that would have Inoreaaed stability. 
Reagents containing 0.046, 0.258 and 0.504^  chloro-
sulfonic acid by weifpit were prepared using Eastman chloro-
sulfonic acid, practical grade. Four parts of reagent were 
mixed with one part of a chloroform solution containing 
13.88 micrograms of vitamin A per ml. This mixture was 
poured into the 50 mm. cells and the absorption spectral 
curves were determined over the range of 330 to 700 ^ w^ith 
the Gary recording spectrophotometer. Tracings were made 
every 5 minutes until seven curves were obtained. Figure 7 
shows the initial absorption curve obtained when each rea­
gent was allowed to react with vitamin A. The principal 
absorption maximum was at 553 v^ , axid a rather weak absorp­
tion band was observed at 358 A still weaker band oc­
curred at 452 ^  
From the absorption ctirves obtained with the aid of the 
recording spectrophotometer it was possible to determine the 
stability at the main absorption bands. Table 7 shows the 
change in extinction coefficients at 553 and 358 m as the 
reaction mixtures aged. With each reagent the extinction 
coefficients at 358 Increased with time, and the reagent 
containing the most acid gave the highest values. The rea­
gent containing the lowest level of chlorosulfonic acid gave 
the highest initial extinction coefficient at 553 after 
reaction with vitamin A. A plot of the 553 data (see 
-73-
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Table 7 
Stability of the Color Developed by the Reaction of Vitamin 
A with Shell GDH Activated with Several Levels of Ghloro-
aulfonlc Acid 
. Concentration of Chlorosulfonic acid in ODH Time after mixing 
(minutes) 0.046JC 0.258;^  0.5043^  
2.75 1262 1175 1086 
7.75 1138 1030 987 
12.75 982 856 862 
17.75 834 711 743 
22.75 703 591 648 
27,15 591 496 563 
32.75 490 416 492 
360 y-
4.37 153 160 160 
9.37 166 175 175 
14.37 174 184 187 
19.37 179 192 196 
24.37 184 197 202 
29.37 186 200 207 
34.37 188 202 211 
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Figure 8) shows that the activity of the chlorosulfonlc 
acld-aotlvated reagents Increased with decreasing acid con­
tent In the reagent. The stability curves indicated that 
the color obtained with the reagent containing 0.504^  chlor­
osulfonlc acid did not fade as rapidly as did those obtained 
with the reagents containing less acid* 
A comparison of Figures 3 and 8 Indicates that chloro­
sulfonlc acld-actlvated QDH produces a more stable color 
when mixed with a chloroform solution of vitamin A than does 
hydrochloric acld-actlvated QDH. The extinction coefficient 
obtained with the former was also slightly higher. The pos­
tulate expressed above has therefore been confirmed. 
Another experiment was set up to determine the concen­
tration of chlorosulfonlc acid necessary to give maximum ac­
tivation of ODH. Reagents containing from 0.001 to 2.535^  ^
chlorosulfonlc add by weight were prepared by using East­
man chlorosulfonlc acid, practical grade, and redistilled. 
Inactive ODH. Three sets of reagents were tested with chlor-
oformlo vitamin A solutions containing 4.78, 4.70 and 5.88 
micrograms per ml. One part vitamin A solution was mixed with 
four parts reagent and the solutions poured Into calibrated 
Beckman 1 cm. Gorex cells. Optical density readings were made 
in the Beckman spectrophotometer at 555 E^ evez>y half minute 
over the 2 to 5 minute Interval and a final reading at 6 min­
utes. Since the concentration of vitamin A was known, the 
20 30 
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extinction coefficients were readily calculated for each 
reading. Table 8 stimmarizes the data collected by using 
reagenta activated with fifteen different levels of chloro-
sulfonic acid. The stability of the 555 absorption band 
was not especially good in the cases where the initial ex­
tinction coefficient was highest, however, reagents with 
hi^ er acid concentrations gave more stable colors but of 
lesser intensity. 
In order to better describe the range of acid concen­
tration in ODR which gives good activity, the 2 minute ex­
tinction coefficients were plotted against the logarithm 
of the per cent acid (Figure 9). Maximum activation ap­
pears to be with approximately 0.1^  acid. Good activation 
waa obtained with reagents containing from 0.02 to 0.5^  
chlorosulfonic acid. 
Several of the chloroaulfonio acid-activated reagents 
were set aside in clear, glass-stoppered flasks. The ac­
tivity of each reagent was checked after four to five weeks 
storage in the laboratory by using a chloroform solution 
containing 5.71 micrograms vitamin A per ml. Readings were 
made at 555 ^  in the Beckman spectrophotometer as described 
above. The effect of storage is indicated in Table 9. The 
activity of reagents that were most active when freshly pre­
pared decreased significantly during storage. Increased 
activity was observed with the reagents containing relatively 
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Table 8 
Stability of the Color Froduoed by the Reaction of Vitamin 
A with Shell Glycerol Dlchlorohydrln Activated with Chloro-
aulfonlc Acid 
Per Cent 
Acid Time after mixing (mlnutea) 
In Reagent 
2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 
at 555 nttl 
Icm ^
2.535 727 736 744 757 761 761 757 757 
1.637 816 825 833 833 833 833 825 821 
1.263 897 901 906 906 901 901 893 884 
0.938 974 978 978 978 965 952 952 923 
0.2216 1185 1148 1105 1063 1010 967 925 850 
0.1142 1241 1214 1173 1141 1099 1057 1015 942 
0.113 1185 1137 1063 1010 946 893 840 744 
0.0672 1132 1074 978 914 850 765 712 606 
0.0526 1125 1068 1005 932 879 827 775 670 
0.0313 1141 1099 1047 984 911 848 785 680 
0.0160 1052 988 914 840 765 691 638 500 
0.01036 958 900 848 796 733 680 628 534 
0.00509 489 500 468 457 425 404 361 308 
0.00470 162 168 168 168 157 157 147 147 
0.001077 42 52 52 52 52 52 52 52 
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hlgh or low acid conoentrations. This has not been ex­
plained* 
Aotlvatlon with antimony trichloride. Two methods of 
antimony trichloride-aotlvation of redistilled^  inactive 
ODH were investigated. The first involved vacuum distil-
Table 9 
Effect of Aging on the Activity of Shell Glycerol Dichloro 
hydrin Activated with Chlorosulfonic Acid 
Per Cent 
Acid 
in Reagent 
Freshly 
Prepared 
4 to 5 weeks 
Storage 
1.263 
0.2216 
0.1142 
0.0313 
0.01036 
0.0047 
Sum S56 •yt 
897 
1185 
1241 
1141 
958 
162 
1038 
946 
1056 
574 
525 
421 
lation of Inactive ODH with 1.06J^  antimony trichloride ac­
cording to the method prescribed by Sobel and ?/erbin (211) 
After discarding the first portion that boiled below 76®C. 
the reagent boiling between 76^  and 79®G. at 15 mm. pres­
sure was collected (reagent no. 1). Part of this reagent 
was again subjected to vacuum distillation. The product 
boiling between 75.5® and 76.5®C. at 15 mm. pressure was 
81-
colleoted (reagent no. 2)« Part of reagent no. 2 nas re­
distilled and the fraction distilling at the sane condi­
tions of temperature and pressure was collected (reagent 
no. 3). 
These reagents were then tested for activity and sta­
bility of color produced by reaction with a chloroform so­
lution containing 10.38 micrograms vitamin A per ml. Four 
parts of reagent were mixed with one part of vitamin A 
solution and the absorption spectra over the range of 340 
to 700 njfi were determined with the aid of the Gary record­
ing spectrophotometer. Seven tracings were made with each 
reaction mixture during the 35 minute period after the re­
actions were initiated* 
From the series of absorption spectra of each mixture, 
the stability of the color oould be determined. Table 10 
siimmarizes these data and they are plotted in Figure 10. 
The stability of the 555 band appeared to be best in the 
case of the colorlmetric reaction involving reagent no. 2. 
Ultraviolet absorption spectra of these reagents In­
dicated the presence of considerable antimony trichloride 
in reagent no. 1, a small amount in no. 2 and practically 
none in no. 2. 
The reactivity of these reagents was checked by using 
the Beckman spectrophotometer. One ml. of a vitamin A so­
lution (8 micrograms per ml.) was mixed with 4 ml. of rea­
82 
gent and the colored solution poured Into 1 cm. Corex cells* 
Optical density measurements were made at 555 every half 
minute over the Interval of 1.5 to 5 minutes after Initia­
tion of the reaction. Two additional reagents were prepared 
Table 10 
Stability of Activated Shell ODH-Vltamln A Color at 555 ^  
Time after mixing 
(minutes Reagent 1^  Reagent 2^  Reagent 3^  
^1% 
lorn 
2.72 1245 1239 1083 
7.72 1180 1049 
9.22 1192 
12.72 1091 987 
14.72 1107 
17.72 1010 918 
19.22 1040 
22.72 932 848 
23.72 977 
27.72 859 782 
28.25 916 
32.72 800 722 
 ^Prepared by one distillation of Shell GDH with SbCl^ . 
 ^Prepared by redistillation of Reagent 1. 
 ^Prepared by redistillation of Reagent 2. 
and were tested In the same manner. The first was reagent 
no. 3 to which was added 0.018^  antimony trichloride per se. 
and the second was a solution of 0.025jlS antimony trichlor­
ide In Inactive QDH. Optical density values were converted 
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to extinction coefficients and the data plotted (see Figure 
11). 
The activity and stability of the color produced by 
reagent no. 2 was better than those of any of the other re­
agents tested. It was interesting to note that the addi­
tion of antimony trichloride per se to reagent no. 3 caused 
a reduction in activity of the reagent and influenced the 
course of the color development; maximum color was not at­
tained until about 3 minutes after the reaction was initia­
ted. Addition of a small amoxint of antimony trichloride to 
inactive QDH did not cause any significant activation, how­
ever, the absorption at 555 y/L increased over the 5 minute 
interval. 
The second antimony trichloride-activation procedure 
involved addition of Baker's analyzed antimony trichloride 
to ixmctive ODH, then subjecting the reagents to 80^  to 85^ C. 
temperature for varying lengths of time. The ODH used in 
this experiment was inactivated by treating 500 ml. of ac­
tive ODH with a solution containing 1 pellet of KOH in 2-3 
ml. of water. The aqueous KOH was added to neutralise any 
free acid which might have been responsible for the activ­
ity of QDH which had become active by standing for two or 
three weeks in a clear, glass-stoppered bottle. Upon vacutua 
distillation a completely inactive reagent was obtained. 
I 
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Reagents containing 0.0948, 0.391 and l.OSJ^  antimony 
trichloride by weight were prepared. Each reagent was di­
vided Into four-10 ml* portions (In glass-stoppered volu­
metric flasks}• The reagents were subjected to 1, 2 and 
4 hours heating at 80^  to 85^  C. In an oven. Inactive 6DH 
was also given the same heat treatment. The resulting re­
agents were then permitted to stand overnight. 
The ultraviolet absorption spectrum of each reagent 
was determined with the aid of the Gary recording spectro­
photometer, using reagent grade methanol as the solvent. 
The absorption spectra were obtained over a range of 230 to 
400 vyui using the 10 mm. absorption cells. Figure 12 Indi­
cates the ultraviolet absorption spectra of \mtreated In­
active GDH, ODH containing 0.0948j( antimony trichloride, 
and the latter reagent heated for 1« 2 and 4 hours. The 
extinction coefficients were based solely on the GOH con­
tent In the solutions. It can be readily seen that the ab­
sorption at, for example, 270 ^  was Increased by simple ad­
dition of antimony trichloride per se. and increased to even 
a greater extent by heating at 85^ 0. Maximum absorption was 
observed in the reagent that was heated for 4 hovirs. Appar­
ently, heating effected some sort of chemical reaction which 
produced a compound or mixtxire of compounds which absorbed 
light in the ultraviolet region. The absorption spectra of 
the reagents containing higher levels of antimony trichlor-
-87-
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ide Indicated similar changes resulting from heating ex­
cept that the changes were less pronounced. As the anti­
mony trichloride content increased the absorption increased 
in the lover-wavelength region. Changes in absorption re­
sulting from the heating process were almost negligible in 
the reagent containing 1.06^  antimony trichloride. 
That the change in the ultraviolet absorption spectra 
which results on mere addition of antimony trichloride to 
ODH is due entirely to antimony trichloride per se was 
shown by determining the absorption spectrum of a solution 
of antimony trichloride in reagent grade methanol. Sum­
mation of optical density of ODH absorption and antimony 
trichloride absorption was equivalent to the absorption 
of the mixture. 
The activity of the above antimony trichloride-activat­
ed reagents was tested with a chloroform solution contain­
ing 5.08 micrograms of vitamin A per ml. Four parts of re­
agent were mixed with one part of vitamin A solution and 
poured into calibrated 1 cm. Corex cells. Optical density 
readings were made at 555 ^  in the Beckman spectrophotome­
ter. Eight readings were made between 2 and 6 minutes af­
ter mixing the reactants. The extinction coefficients were 
calculated and listed in Table 11. The activity of each 
batch of reagent increased with increased heating time and 
maximum activation was attained with the reagent containing 
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Table 11 
Stability of the Color Developed by the Reaction of Vitamin 
A with Shell Olyoerol Dichlorohydrin Activated by Heating 
with SbClg at BO® to 85°G. 
aSou'ln Heating Tlae .fter nlrina (mlnutaa) 
2*0 2*5 3*0 3»6 4»0 4*5 5*0 6*0 
at 555 ^  
0.0948 none 403 413 403 394 364 354 325 285 
1 hour 689 659 620 600 560 531 502 443 
2 hours 945 915 876 846 797 767 738 669 
4 hours 1072 1043 1004 974 945 905 866 797 
0.3913 none 364 413 433 433 413 394 384 335 
1 hour 689 669 640 610 581 551 521 462 
2 hours 876 846 817 777 748 718 689 620 
4 hours 886 856 826 800 758 728 699 620 
1.0566 none 689 807 876 905 905 905 895 861 
1 hour 748 748 738 718 699 679 659 610 
2 hoiu:*s 915 895 876 866 836 807 787 748 
4 hours 1102 1082 1063 1053 1023 1004 974 925 
none none 0 0 0 0 0 0 0 0 
1 hour 0 0 0 0 0 0 0 0 
2 hours 148 177 207 216 236 216 216 187 
4 hours 826 767 718 659 610 550 512 413 
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1*06^  antlaony trichloride and had been heated for 4 hours. 
Curiotisly enough, even the inactive control became slightly 
active on heating for 2 hours and quite active when heated 
for 4 hours. To get a better understanding of the effect of 
heat on the activation with antimony trichloride, the 2 min­
ute extinction coefficients were plotted against heating time 
of reagent (Figure 13}• 
Activation by heating. Activation of ODH by heat alone 
appeared to be rather odd, so another experiment was set up 
to recheck the first work* QDB that had been used, recovered, 
and deactivated by treatment with aqueous ^ fi prior to final 
vacuum distillation was used in this study. About 9 ml. of 
this ODE was placed in several 10-ml. glass-stoppered volu­
metric flasks. After being tightly stoppered the flasks were 
placed in an oven kept at 84^  to 88^ C. The heat treatment 
ranged from 1 to 6 hours after which the flasks were removed 
and allowed to cool. Two days later, the reagents were 
checked for activity by testing with a chloroform solution 
containing 6.16 micrograms vitamin A per ml. One ml. vitamin 
A solution was mixed with 4 ml. of reagent and the optical 
density of the colors were measured at 555 ^  in the Beokman 
spectrophotometer. Readings were made at half-minute inter­
vals from 2 to 4 minutes after initiation of the reactions. 
Figure 14 is a plot of the two minute extinction coefficients 
calculated from the observed optical density readings. ODH 
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appears to deooiiq;>ose» a reaction which seems to be catalyzed 
by heat and perhaps light, to form some substance which 
causes activation* These findings confirmed the original 
observation. 
Activated Shohan Glycerol Dichlorohydrin. 
Activated ODH purchased from Shohan Laboratories, Newark^  
New Jersey, was used without further treatment \inless other­
wise indicated. When received the reagent was clear but had 
a faint yellowish-green color. It was stored in brown bot­
tles and kept under refrigeration until a few ho\u:*s before 
use. 
Deactivation. Five grams of activated charcoal (Kuchar 
ft) were mixed with 500 grams of activated Shohan ODH in a 600 
ml. beaker. The mixture was warmed on a steam plate, with 
ocoasional stirring, until the temperature had reached 60°C. 
The charcoal was removed by filtration through a Buchner 
funnel. The ODH was refiltered three times to assure re­
moval of all charcoal, then placed in a clear, glass-stop-
pered bottle to cool. The product was transferred to a 1-
liter Claisen flask and vacuum distilled. The first mater­
ial to distill was a two-phase liquid that probably con­
tained some water. This was followed by a clear, colorless, 
single phase. Vihen the distillation temperatiu>e reached 
at 16 mm. pressure, the receiver was changed and clear, color­
less ODH was collected over the temperature range of 76.2 to 
94-
78.2^ C* at 16 nm. pressure. 
This ODH was tested with a chloroform solution of vita­
min A and found to he faintly active. Redistillation pro­
duced a reagent that was still somewhat active. This ODH 
was treated with aqueous KOH and then distilled, with dis­
carding of the first fraction and residue. The clear, coloz^  
less and completely Inactive ODH was collected; boiling 
point, 76.2^  to 78.2^ 0. at 16 nsn. pressure. 
Activation with heat. Since inactive Shell ODH became 
active when heated, it seemed advisable to test Shohan ODH 
in the same manner. The heat treatment was the same as de­
scribed for the Shell product. Mhen the cooled reagents 
were tested with vitamin A they were fotmd to be completely 
inactive. Table 12 summarizes all the heat activation data. 
Shohan ODH is, therefore, much more stable than the Shell 
ODH that had been previously used and recovered. However, 
the inactive Shohan product became active when allowed to 
stand in a clear, glass-stoppered bottle for six weeks. 
Apparently ODH will decompose to some extent under the in­
fluence of heat and light to form a substance which causes 
activation. A qxialitative test for the chloride ion in these 
products was positive. It seems likely then that one of the 
decoaqposition products is HCl. 
Solvent-reagent ratio stxidy. Although Sobel and Werbin 
(213) advocated the use of a lt4 ratio, no report of any in-
-95 
Table 12 
Effect: of Heating at 85^ G. on the Activation of Glycerol Di­
ohlorohydrln 
Glycerol 
Diohlorohydrln 
Heating 
time 
"27^  
Time after mixing (minutes) 
375" 2.5 3.5 
Used, recovered 
Shell 
4om 565 
Trial 1 none 0 0 0 0 0 
1 hour 0 0 0 0 0 
2 hours 148 177 207 216 236 
4 hours 826 767 718 659 610 
Trial 2 none 24 24 24 24 24 
1 hour 49 65 73 81 81 
2 hours 317 365 365 349 325 
3 hours 772 755 690 650 569 
5 hours 991 918 828 747 674 
6 hours 1040 958 877 780 690 
Inactivated 
Shohan none 0 0 0 0 0 
1 hour 0 0 0 0 0 
2 hours 0 0 0 0 0 
3 ho\irs 0 0 0 0 0 
4 hours 0 0 0 0 0 
5 hours 0 0 0 0 0 
6 hours 0 0 0 0 0 
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veatlgation of the proper choice of solvent-reagent ratio has 
been published* Ratios ranging from 1:9 to 9:1 were chosen 
for study. Activated Shohan ODH was mixed with standard so­
lutions of vitamin A in redistilled U.S.P. chloroform. The 
reaction mixtures were transferred to the 50 mm. absorption 
cells and the absorption spectra obtained with the aid of the 
Gary recording spectrophotometer* The spectral tracings were 
always begiui at 700 ^ at 1*5 minutes after the reactants 
were mixed. The spectral range covered by these tracings was 
325 to 700 vf/U* Eight tracings were made over a period of 35 
minutes using a scanning speed of 2 ^  per second* Prom these 
curves, which were actually plots of optical density at each 
wavelength, the extinction coefficients were calculated. The 
initial absorption spectra of the reaction products obtained 
when the 9:1, 5:1, 1:1, 1:5 and 1:9 solvent-reagent ratios 
were used are shown in Figure 15. As the quantity of solvent 
in the reaction mixture is Increased, the absorption at 555 
 ^decreased whereas the absorption at 353 ^  Increased. In 
addition it was observed that with high solvent-reagent ratios, 
additional absorption maxima appeared at 338, 372, 397 and 
422 
From the series of absorption spectral curves for each 
reaction mixture, the effect of aging on the extinction co­
efficients at the various absorption maxima was indicated* 
Table summarizes these data and Figures 16 and 17 show the 
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Table 13 
Stability of the Color Developed by the Reaction of Vitamin 
A with Shohan ODH when Several Solvent-Reagent Ratios are 
employed 
Tin® Solvent-Reagent Ratio 
after mixing • 
(minutes) li9 1:7 1:5 1:3 1:1 3:1 5:1 7:1 9:1 
5SS 
2*72 1159 1165 1178 1171 919 357 150 52 25 
7.22 1052 1050 1060 1036 753 238 162 108 66 
11.72 930 922 926 899 599 159 103 80 66 
16.22 818 809 809 775 473 117 80 60 55 
20.72 718 70S 704 667 372 94 68 52 46 
25.22 621 619 611 571 295 81 63 48 43 
29.72 548 541 529 491 239 75 57 46 42 
34.22 481 473 457 421 194 72 54 44 40 
at 353 1cm tyA. 
4.37 196 200 202 213 352 793 1080 1325 1486 
8.87 203 203 208 214 298 634 887 1093 1277 
13.37 212 210 216 224 291 530 785 980 1151 
17.87 219 218 225 232 290 465 698 911 1074 
22.37 226 228 233 240 288 413 633 845 1016 
26.87 234 234 239 248 287 384 565 785 966 
31.37 239 240 245 251 285 355 522 736 916 
35.87 245 246 249 254 285 341 478 680 870 
at 338 90. 
4.53 371 926 1249 
9.03 315 804 1062 
13.53 299 758 970 
18.03 292 722 928 
22.53 288 680 899 
27.03 283 650 871 
31.53 278 617 843 
36.03 273 591 823 
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Table 13 
(Continued) 
Time Solvent-Reagent Ratio 
after mixing 
(minutea) 1:9 1:7 1:5 1:3 1:1 3:1 5:1 7:1 9:1 
^iom at 372 
4.23 217 634 901 1092 1209 
8.73 186 464 715 917 1071 
13.23 183 362 606 811 970 
17.73 178 304 513 727 896 
22.23 174 261 452 658 832 
26.73 171 239 400 599 776 
31.23 167 225 358 549 725 
35.73 163 217 330 508 676 
Elom ^ 
4.05 306 309 
8.55 280 330 
13.05 226 340 
17.55 196 320 
22.05 183 295 
26.55 174 271 
31.05 172 252 
35.55 170 236 
=Um T-
3.82 174 70 
8.32 205 186 
12.82 174 230 
17.32 155 235 
21.82 148 223 
26.32 146 208 
30.82 146 195 
35.32 146 188 
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effect of time on the stability of the 555 and 353 ^  max­
ima with the several solvent-reagent ratios studied* The 
stability and intensity of the 555 yt. maximum was improved 
by using low solvent-reagent ratios, whereas the use of hi^  
solvent-reagent ratios increased the extinction coefficient 
but did not improve the stability at 353 
The effect of the solvent-reagent ratio on the absorp­
tion spectra was also investigated with Shohan ODH which had 
been previously used in blood vitamin A analysis then recov­
ered and reactivated by vacuum distillation with antimony 
trichloride. This reagent was clear and colorless and gave 
a good color reaction with vitamin A* The following ratios 
were investigated: 1:4, 2:3, 3:2 and 4:1. The method of 
obtaining the absorption spectra of the products resulting 
from reaction of ODH with vitamin A was the same as de­
scribed above. The initial absorption spectral curve for 
each reaction mixture is shown in Figure 18. These curves 
are like those obtained with original Shohan ODH except for 
the magnitude of the extinction coefficients at 353 ^  when 
higher solvent-reagent ratios were used. A 4x1 ratio in 
this case gave an extinction coefficient of 1520 as compared 
to a value of approximately 900 when original Shohan ODH waa 
used. 
The extinction coefficients at the absorption maxima 
and the manner in which they change as the reaction mixtures 
-104-
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ago are shown in Table 14* The stability of the 555 ^  
absorption maxima Is demonstrated In Figure 19* The 1:4 
reaction mixture produced a color which was fairly stable 
for several minutes. This was not the case when the orig­
inal Shohan product was tested (see Figure 16). The sta­
bility of the 353 ^  maxima Is Indicated In Figure 20. Here 
again the reactivated, used ODH produced a more stable 353 
 ^maximum than did the new product. 
Reaction with ^ carotene. The Interference of carotene 
In the measurement of vitamin A at 555 ^  has been adequately 
described by Sobel and Werbln (213). These workers have al­
so described the absorption spectrum of the ODH-carotene re­
action and It was shown that the absorption Increased mark­
edly from 750 to 900 yiA.. No mention was made of the sta­
bility of the reaction product at the longer wavelengths. 
Since carotene la almost Invariably present In blood plasma. 
It seemed Important to check on the reaction of ODH with 
carotene. 
A solution containing 9.6 micrograms of crystalline 
-^carotene (Oeneral Blochemlcals, Inc.) per ml. of reagent 
grade chloroform was prepared. One ml. of this solution was 
mixed with 4 ml. of Shohan ODH and the optical density was 
measured at various Intervals up to 6 minutes In the Beckman 
spectrophotometer. Measurements were made at 800, 850, 900, 
950, 1000, 1050 and 1100 The validity of the readings 
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Table 14 
Stability of the Color Developed by the Reaction of Vitamin 
A with Used, Reoovered, SbCl,-Activated QDH when Several 
Solvent-Reagent Ratios were Employed 
Time after mixin« Solvent-Reagent Ratio 
(minutes) TU 215 372 571 
*lom at 553 
2.75 1110 983 344 7 
7,75 1088 868 330 21 
12,75 1026 759 253 28 
17,75 954 653 210 30 
22.75 881 560 184 30 
27.75 818 479 164 30 
32.75 753 410 149 30 
^1% 
®lom at 353 
4.37 217 321 715 1520 
9.37 187 262 556 1420 
14.37 181 228 479 1255 
10.37 181 222 418 1132 
24.37 184 222 370 1056 
29.37 187 222 333 997 
34.37 193 222 299 953 
EJ^  lorn 
at 422 
3.82 96 172 37 
8.82 82 202 140 
13.82 75 184 251 
18.82 76 169 314 
23.82 79 155 338 
28.82 82 147 343 
33.82 63 140 338 
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Table 14 
(Continued) 
Time after mixing Solvent-Reagent Ratio 
(minutes) 1:4 2x3 3:2 4:1 
at lom 397 yu 
4.02 
9.02 
14.02 
19.02 
24.02 
29.02 
34.02 
126 
100 
90 
86 
87 
88 
88 
275 
262 
233 
209 
192 
175 
162 
372 
379 
432 
456 
468 
460 
439 
eJ  ^ at lom 372 ^  
4.23 245 618 1266 
9.23 187 482 1234 
14.23 164 411 1115 
19.23 149 356 1032 
24.23 143 314 972 
29.23 143 277 920 
34.23 143 253 875 
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at the last two wavelengths Is not certain but they seemed 
to Indicate that an absorption maximum occurs at approxi­
mately 1030 vyu 
Extinction coefriclents were calculated from the opti­
cal density measurements and are listed In Table 15* The 
Table 15 
Stability of the Color Produced by the Reaction of ^ 'Caro­
tene with Shohan Glycerol Dlchlorol^ drln 
Wave Time after mixing (minutes) 
Length ' ' • ' 
mu. 1*0 1.5 2.0 3.0 4.0 5.0 6.0 
Icm 
800 344 354 365 375 396 417 437 
850 784 802 807 812 828 839 844 
900 1573 1578 1573 1568 1552 1526 1521 
950 2547 2552 2542 2490 2427 2359 2297 
1000 3604 3583 3526 3422 3297 3141 3021 
1050 3875 3802 3719 3536 3391 
1100 2792 2724 2656 2552 
stability of the ODH-carotene reaction product as measured 
at several wave lengths Is shown In Figure 21. The extinc­
tion coefficients Increased with the wavelength at which they 
were measured, at least up to 1000 ^  and apparently even 
higher. However, the stability of the extinction coeffic­
ients at the higher wavelengths was not as good as those 
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measured at lower wavelengths. An Isobestlo point appeared 
to be at approximately 880 
The effect of added impurities on the ODH-vitamin A 
color reaction* If the mechanism of the GDfi-vitamin A re­
action is similar to that of the Carr-Price reaction, com­
pounds such as alcohols, water, ethers and amines should 
cause the color to rapidly disappear. A series of test 
tubes each containing the same quantity of vitamin A and 
QDH were placed in a test tube rack. Two minutes after 
adding the QDH, one drop of the compound to be tested was 
added to a tube and mixed well with the colored solution. 
The effect on the color was noted. Pyridine and quinoline 
caused rapid disappearance of the violet color. Diethyl 
ether and dioxane caused the color to fade quite rapidly. 
Water caused some fading but was not as effective as ether 
or dioxane. Ethanol and acetone had only slight effects on 
the rate of color fading. 
The problem was then investigated quantitatively. So­
lutions containing known quantities of impurity were pre­
pared. One ml. of standard chloroformic vitamin A was mixed 
with 4 ml. of QDH being tested. Eight measurements of opti­
cal density of the resulting color were made in the Beckman 
spectrophotometer at 555 ^ between 2 and 6 minutes after 
the reaction was initiated. Extinction coefficients were 
calculated. 
-113-
Part of the data are given in Table 16. The added Im­
purities, for the moat part, did not appear to influence the 
rate of color fading, but did display their effect in reduc­
tion of total color formed at a given time after mixing the 
reactants. Figure 22 gives one a better picture of the in­
fluence of various levels of several added impiirities on 
the 555 absorption at 2 minutes after initiation of the 
ODH-vitamin A reaction. 
Since pyridine had such a profoimd effect on the color-
imetric reaction, an aliphatic amine, an aromatic amine and 
aqueous ammonia were tested. All were found to hinder col­
or formation when present in very low concentration. Fig­
ure 23 shows the effect of the amines on the formation of 
the ODH-vitamin A color. All levels of ammonia tested com­
pletely Inhibited color formation. 
Table 17 summarizes the influence of the amines, ammo­
nia, epichlorohydrin, absolute ethanol and dioxane on the 2 
minute reading of the ODH-vitamin A color reaction. It ap­
pears that any substance that will react with HCl is very 
effective in prevention of the color reaction. Other sub­
stances such as water, dioxane and alcohol have lesser ef­
fects on the reaction. 
Recovery and reactivation of used reagent. It has been 
shown (211) that ODH which had been used in the analysis of 
vitamin A could be recovered and reactivated to give a re-
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Table 16 
Effect of Added Impuritiea on the Color Reaction of Shohan 
Glycerol Dichlorohydrin with Vitamin A 
Per Cent 
Impurity Time after mixing (minutes) 
Reagent 2.0 2.5 3.0 3.5 4.0 4.5 5.0 6.0 
l^om 
95$ Ethanol 
0.000 1256 1218 1180 1112 1044 998 946 855 
0.134 1218 1180 1120 1067 1021 976 923 817 
0.268 1195 1165 1112 1074 1029 983 938 847 
0.670 991 946 877 817 756 696 643 537 
1.339 836 787 741 688 643 598 560 484 
Water 
0.000 1324 1293 1263 1232 1191 1151 1120 1039 
0.144 1115 1079 1049 1008 967 927 886 815 
0.289 947 906 866 815 764 723 682 601 
0.722 586 540 458 397 356 305 255 204 
1.444 71 81 92 92 71 71 61 41 
Aaueous 0.448 K KOH 
0.000 1334 1324 1293 1263 1222 1202 1171 1100 
0.180 998 947 896 845 794 743 713 621 
0.298 794 743 692 631 570 530 468 387 
0.788 107 112 92 71 61 51 41 31 
1.524 0 0 0 0 0 0 0 0 
Pyridine 
0.000 1320 1309 1278 1256 1210 1188 1165 1089 
0.00645 1124 1074 1021 953 893 855 787 696 
0.0129 1048 1014 976 930 885 847 809 726 
0.0323 0 0 0 0 0 0 0 0 
0.0645 0 0 0 0 0 0 0 0 
lltoo 
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Table 17 
t 
Effect of Added Impurities on the Color Reaction of Shohcui 
Glycerol Dichlorohydrin with Vitamin A 
Per Cent 
Impurity 
in Reagent 
siln, 
555 
Per Cent 
Impurity 
in Reagent 555 
n-But7lamine Euichloroh^ drin 
0.00 1310 0.00 1260 
0.0091 705 0.0178 1219 
0.0182 309 0.0354 1094 
0.0454 29 0.089 10 
0.0908 26 0.178 0 
Aniline Absolute Ethanol 
0.00 1310 0.00 1294 
0.0153 1009 0.110 987 
0.0307 445 0.220 828 
0.0767 41 0»549 847 
0.0796 0 1.098 701 
Cone. NH^ OH Dioxane 
0.00 1294 0.00 1294 
0.142 0 0.202 878 
0.284 0 0.404 693 
0.711 0 1.011 597 
1.422 0 2.022 272 
 ^All values based on the optical density readings at 
2 minutes after mixing a chloroform solution of vi­
tamin A with the reagents. 
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agent with good activity. No mention was made of the pro­
cedure used in this process* 
Three methods have been tried in the present investi­
gation. The first involved vaoutun distillation to remove 
the chloroform fraction followed by collection of ODH at 
the proper boiling range (76®-78®C. at 16 mm. pressure). 
The dark residue was discarded. On standing for a day or 
so the ODH was observed to turn a lif^ t yellow-green color. 
A clear and colorless reagent was obtained on redistillation 
under vacuim and was sufficiently active without the anti­
mony trichloride treatment. Uoweverf after this reagent 
had been used in vitamin A analysis, recovery by the same 
method gave a clear, colorless product but insufficiently 
active for most analytical work. 
The second method was similar to the first except that 
a few crystals of antimony trichloride (about 0.5$^ } were 
added prior to the final vacuum distillation. The product 
was clear and colorless and had good activity. 
The third method Involved addition of approximately 0.5^  
antimony trichloride directly to the used reagent. The chlor­
oform fraction was removed under vacuum and the ODH collec­
ted at the proper temperatiire and pressure. This product 
turned a light yellow-green color within a few days. Re­
distillation under vacuum gave a clear, colorless reagent 
with good activity. After ODH was used three times, re-
-119-
oovery and reactivation produced a reagent with diminished 
activity. Apparently enough loqpurltles accuiBulate during 
repeated use and recovery to make continued use Impracti­
cal when this method was used. Piirther Investigation of 
methods of purifying ODH would seem advisable. 
Eastman Qlycerol 25^ <c¥'-) Dlchlorohydrln. 
The product was a yellow-orange color when received 
and gave no color reaction with vitamin A. Vacuum distil­
lation was used as the method of purification. At 18 mm. 
pressure a two-phase liquid system began to distill at 
55°C* The temperature slowly Increased to 75^ C. and dur­
ing this time the distillate became a single phase. ODH 
was then collected between 76^  and 79°C. at 16 mm. pres­
sure. The first part of the distillate had a light yellow 
color, but as the dlatlllation was continued the ODH be­
came more colorless. The dark brown residue and the first 
fraction collected were discarded. 
Qualitative activation tests. Table 10 summarises 
the results obtained. The following substances appeared 
to produce good activityt concentrated hydrochloric acid, 
60^  perchloric acid, concentrated sulfuric acid, chloro-
sulfonic acid, methyl sulfate, acetyl chloride, benzoyl 
chloride, phosphorus trichloride, phosphorus oxychloride 
and arsenic trichloride. As observed with Shell ODH, no 
activity could be obtained by using nitric or trichlor-
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Table 18 
Activation of Redistilled Eastman Glycerol (75^ o(,0-;25^ o(^ y*), 
Dichlorohydrin technical grade, with Various Agents 
Activating 
Agent 
Color Change when 
Vitamin A was added Remarks 
Aqueous HF (52^ ) 
Concentrated HCl 
Aqueous HBr (40^ ) 
Light blue 
Blue changing to violet 
Blue changing to violet 
Aqueous HI (47^ ) No perceptible change 
HCIO^  (60jg) Bright blue changing 
to violet 
Concentrated HNO^  No color 
Concentrated 
CISO3H 
Methyl Sulfate 
Naphthalene*^ -
sulfonic acid 
COI5COOH 
C^ COCl 
Bright blue changing 
to rose 
Bright blue changing 
to violet 
Bright blue changixag 
to light violet 
Light blue 
No color 
Bright blue changing 
to violet 
Color unstable 
Color quite stable 
Color rather un­
stable 
Reagent turned yel* 
low 
Color quite stable 
Color quite stable 
Color quite stable 
Slow color change 
Color quite un­
stable 
Color quite stable 
Benzoyl chloride Bright blue changing 
to violet 
Color quite stable 
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Table 18 
(Continued) 
Activating 
Agent 
Color Change when 
Vitaain A «aa Added Remarks 
PCI3 
POCI3 
ASCI3 
AICI3 
Bright blue ohangixig 
to violet 
Bright blue changing 
to violet 
Light blue changing 
to violet 
Bright blue changing 
to violet 
Color quite stable 
Color quite stable 
Color quite stable 
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acetic acid. 
Activation with antimony trichloride» Three grama ot 
Baker*a analysed antimony trichloride were added to 300 
grama redistilled ODH and the mixture was vacuum distilled. 
The first portion of distillate was discarded even though 
it had good activity when tested with vitamin A. Activated 
ODH was collected between 75*7^  and 76.8^ 0, at 15 mm. Pres­
sure* It was clear but had a faint yellow color. 
The absorption spectra of the products of reaction be­
tween vitamin A and activated reagent were determined with 
the aid of the Gary recording spectrophotometer. Solvent-
reagent ratios of Its and 5si were employed and the con­
centration of vitamin A in the mixtures was kept at 13.63 
micrograms per 6 ml. of solution. Spectral absorption 
tracings were begun at 1.5 minutes after initiation of the 
reactions. A tracing was made every 5 minutes over the 
spectral range of 340 to 700 ^ until seven curves were made 
for each reaction mixture. The initial absorption curve 
for each solvent-reagent ratio is shown in Figure 24. 
Absorption maxima were found at 553, 452, 383 and 358 
w^hen a ratio of one part solvent to five parts reagent 
was employed. The 383 ^  maximum was rather weak but is 
of Interest since no other ODH has shown this absorption 
band. Table 19 lists the extinction coefficients at these 
maxima and indicates the change In absorption as the reaction 
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Table 19 
Stability of the Color Developed by the Reaction of Vitamin 
A with Activated Eastman 0DH(75JC 25j£ when a 1:5 
Solvent-Reagent Ratio was Employed 
Time after mixing 
(minutes) lom 358 ry/L. 
Time after mixing 
(minutes} l^om 383 ^  
4.35 202 4.15 150 
9»35 218 9.15 130 
14.35 235 14.15 113 
19.35 248 19.15 104 
24.35 262 24.15 99 
29.35 275 29.15 95 
34.35 284 34.15 88 
452 553 
3.57 120 2.73 1231 
8.57 122 7.73 1108 
13.57 135 12.73 973 
18.57 150 17.73 857 
23.57 156 22.73 757 
28.57 161 27.73 662 
33.57 169 32.73 587 
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mljcture aged. A clearer picture of these changes may be 
seen In Figure 25. 
When a 5:1 ratio was used, maxima were observed at 338, 
353, 372, 397 and 422 The observed extinction coeffic­
ients at these maxima are recorded In Table 20, The rate of 
change In absorption at the several absorption maxima are 
best represented In graphic form (Figure 26}* 
Paragon Qlvcerol aL^ -Dlohlorohydrln. 
The product had a light yellow color when received 
from the Uathlson Chemical Con^ any* It gave no color reac­
tion when tested with vitamin A dissolved in chloroform* 
Several qualitative tests were made with this QDH which in­
dicated that activity was readily obtained by adding small 
quantities of concentrated sulfuric acid, concentrated hy­
drochloric acid, 60% perchloric acid, dimethyl sulfate and 
benzoyl chloride* The yellow color was found objectionable 
in colorimetric work and thus purification was attempted* 
The yellow QDH was subjected to vacuum distillation* 
All liquid distilling below 75° C* at 15 mm* pressure was 
discarded* The fraction boiling between 76° and 79°C. at 
15 mm* was collected* The distillate was clear and vex^  
nearly colorless, and gave no test with vitamin A* 
Qualitative activation tests* Table 21 summarizes the 
results of these tests and the following substances caused 
good activation: concentrated hydrochloric acid, 60^  per-
.rmr^ y > 
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Table 20 
Stability of the Color Developed by the Reaction of Vitamin 
A with Activated Eastman QDH 25% when a 5tl 
Solvent-Reagent Ratio was Employed 
Time Time Time 
fter mixing after mixing after mixing 
(minutes) 338 (minutes) 353 (minutes) 372 
4.52 1012 4.40 1160 4.23 993 
9.52 816 9.40 880 9.23 757 
14.52 680 14.40 703 14.23 593 
19.52 575 19.40 571 19.23 482 
24.52 500 24.40 476 24.23 395 
29.52 433 29.40 405 29.23 335 
34.52 • 380 34.40 358 34.23 283 
397 ^  422 vyA. 555 ^  
4.03 440 3.82 319 2.72 55 
9.03 430 8.82 333 7.72 45 
14.03 385 13.82 307 12.72 45 
19.03 342 18.82 276 17.72 45 
24.03 298 23.82 246 22.72 45 
29.03 247 28.82 219 27.72 45 
34.03 225 33.82 194 32.72 45 
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Table 21 
Activation of Paragon Olyoerolfl^ y^ Diohlorohydrin with Vari­
ous Agents 
Activating 
Agent 
Color Change when 
Vitamin A was Added Remarks 
Aqueous HP (52^ ) Light blue Color rather un­
stable 
Concentrated HCl Bright blue changing 
to violet 
Color quite stable 
Aqueous HBr (40^ ) Bright blue changing 
to violet 
Color rather iin-
stable 
Aqueous HI (47^ ) Orange Reagent turned yel­
low when acid was 
added 
HCIO4 {eo%) Bright blue changing 
to violet 
Color quite stable 
Concentrated HNO3 No color 
Concentrated 
HgSO^  
Bright blue changing 
to rose 
Color rather stable 
OISO3H Bright blue changing 
to violet 
Color rather stable 
Methyl Sulfate Blue changing to 
violet 
Color quite stable 
Naphthalene-;|9-
sulfonic 
Light blue changing 
to violet 
Color quite stable 
CCI3COOH No color 
C%C0C1 Blue changing to 
violet 
Color quite stable 
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Table 21 
(Continued) 
Activating 
Agent 
Color Change when 
Vitamin A was Added Remarks 
Benzoyl chloride Bright blue changing 
to violet 
PCI, 
POCl, 
AaGl3, liquid 
Bright blue changing 
to violet 
Bright blue changing 
to violet 
Blue green changing 
to violet 
AICI3, anhydrous Faint violet 
SnCl2 
CBgClCOOH 
Citric acid 
Light blue 
No color 
Ho color 
Color quite stable 
Color quite stable 
Color quite stable 
Color quite stable 
Color quite un­
stable 
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chloric acid, concentrated sulfuric acldt chlorosulfonio 
acid, methyl sulfate, acetyl chloride, bensoyl chloride, 
phosphorus trichloride, phosphorus oxychloride and ar­
senic trichloride. Ho color was observed with nitric, 
monochloracetic, trichloracetic or citric acids as activat-
Ixig agents. 
Activation with antimony trichloride. The ODH puri­
fied by vacuum distillation was stored in clear, glass-
stoppered bottles for three months before antimony tri­
chloride activation was attempted. Diiring that interval 
it had turned yellow and redistillation appeared to be re­
quired. When subjected to vacuum distillation, the first 
distillate was a two-phase liquid system boiling lower than 
ODH. As distillation continued, a single phase resulted 
ai3d ODH was collected between 77.8^  and 79.2*'c. at 16 mm. 
pressure. The chemical nature of the substance immiscible 
in small amounts of ODH that appears in the first fraction 
is not known. It was observed that the ODH fraction col­
lected was slightly active when tested with vitamin A. 
Activation with mtimony trichloride was acoomplished 
by mixing 3 grams of antimony trichloride with 300 grams 
redistilled OOH in a 1-liter Claisen flask and vacuum dis­
tilling the mixture. The initial low-boiling fraction was 
collected and found to have good activity when tested with 
vitamin A. The main activated ODH fraction was collected 
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at 77® to 77.5®C. and 16 mm. pressure. It was clear and 
colorless and bad good activity when tested with vitamin A* 
The spectral absorption cxirves of the product of the 
reaction of vitamin A with the main fraction of activated 
ODH were obtained by using the Cary recording spectropho­
tometer* Solvent-reagent ratios of 1:5 and 5tl were em­
ployed* The quantity of vitamin A in each reaction mixture 
was 13*63 micrograms per 6 ml* of solution* A series of 
seven curves were traced for each ratio during the 35-min-
ute period after the reactants were mixed. 
The initial absorption spectral cxirves for each reac­
tion mixture are shown in Figure 27* In the case of the 
ItS mixturef absorption maxima were observed at 358, 455 
and 553 xytt the latter being by far the most prominent* 
Extinction coefficients were calculated at the absorption 
maxima and listed in Table 22* The stability of the color 
at these maxima can beat be seen when the data are plotted 
(see Figure 28}* 
When the 5il solvent-reagent mixture was employed, 
absorption maxima were found at 338, 353, 372, 397 and 422 
The effect of aging on the extinction coefficients at 
these maxima is indicated in Table 23* The change in the 
absorption of light at the various maxima is clearly seen 
in Figure 29* 
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Experlnents with Two Closely Related Qlyoerol Derivatives 
Qlycerol Monoohlorohydrin 
Eastman glycerol monochlorohydrln, practical grade, was 
a rather viscous, clear but slightly yellow-green liquid when 
Table 22 
Stability of the Color Developed by the Reaction of Vitamin 
A with Activated Paragon Glycerol «gy-Dlohlorohydrin when a 
1:5 Solvent-Reagent Ratio was Employed 
Time 
after mixing 
(minutes) 
i^cm 
358 yi, 
Time 
after mixing 
(minutes) 
gl^  
Icm 
455 vyx 
Time 
after mixing 
(minutes) 
E}^  1cm 
553 
4.35 183 3.55 110 2.74 1241 
9.35 204 8.55 106 7.74 1152 
14.35 222 13.55 120 12.74 1042 
19.35 239 18.55 132 17.74 942 
24.35 249 23.55 141 22.74 846 
29.35 265 28.55 148 27.74 763 
34.35 275 33.55 156 32.74 684 
received. It gave a negative color reaction with vitamin A« 
Qualitative activation tests* Glycerol monochlorohy-
drin was tested before any purification experiments were per­
formed* The results of these tests are stumnarized in Table 
24» No activating agent tested produced a reagent that 
would give more than a weak color when tested with vitamin 
A. However, most of the substances which activate ODH also 
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Table 23 
Stability of the Color Developed by the Reaction of Vitamin 
A with Activated Paragon ODH (^ (^ V-dlohlorohydrln) when a 5:1 
Solvent-Reagent ^ tlo waa employed 
Time Time Time 
after mixing after mixing  ^ after mixing 
(minutes) 338 vyii (minutes) 353 (minutes) 372 ^  
4.52 977 4.40 1126 4.23 962 
9.52 777 9.40 856 9.23 729 
14.52 649 14.40 679 14.23 574 
19.52 554 19.40 556 19.23 465 
24.52 475 24.40 468 24.23 380 
29.52 423 29.40 403 29.23 324 
34.52 379 34.40 355 34.23 282 
397 422 556 
4.03 430 
9.03 401 
14.03 354 
19.03 308. 
24.03 267 
29.03 231 
34.03 201 
3.82 299 
8.82 306 
13.82 279 
18.82 248 
23.82 221 
28.82 195 
33.82 177 
2.72 88 
7.72 63 
12.72 55 
17.72 51 
22.72 49 
27.72 48 
32.72 46 
1200 
33®*!^  
20 50 
SIM Itt MixnteB 
lleare 29. Chaoses In the Sztinotion Ooeffielents with Tine at the Absorption 
llaxim of the Titaadn A-Fuason ODH Beaetion Product when a 5:1 
SolTentp-Seasent fiatio was Used* 
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Table 24 
Activation of Redistilled Eastman, practical grade. Glycerol 
Monochlorohydrin with Various Agents 
Activating 
Agent 
Color Change when 
Vitamin A was added Remarks 
Aqueous HF (52^ ) No color 
Concentrated HCl Blue changing to violet 
Aqueous HBr (40;^ ) Faint violet 
Aqueous HI (47^ ) Faint rose color 
HCIO^  (60^ ) Light blue changing 
to violet 
Concentrated HNOi. No color 
Concentrated H2SO4 
CISO3H 
Methyl sulfate 
Naphthalene-^ -
sulfonic acid 
Light blue changing 
to violet 
Light blue changing 
to violet 
Faint violet after a 
few minutes 
Faint violet 
CCI3COCI 
CCI3COOH 
Benzoyl chloride 
Light blue changing 
to violet 
No color 
Faint violet 
Color rather un­
stable 
Color imstable 
Reagent turned yel­
low wben HI was 
added 
Color quite stable 
Color rather vui-
stable 
Color unstable 
Color quite stable 
Color quite un­
stable 
Table 24 
(Continued) 
Activating 
Agent 
Color Change when 
Vitamin A waa added Remarks 
PCI3 Light blue ohanging 
to violet 
Color quite stable 
POCI3 Blue ohanging to vio­
let 
Color fairly stable 
AsClj, liquid Light blue ohanging 
to violet 
Color fairly stable 
AlCl^ , anhydrous Faint violet 
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weakly activated glycerol monochlorohydrin. It was postu­
lated that perhaps the reagent contained enough glycerol dl-
chlorohydrin to give the color testa. Consequently, a puri­
fication study was made. 
Purification. Glycerol monochlorohydrin was subjected 
to vacuum distillation. A fraction boiling at 90^  to IIS^ C. 
at 15 to 20 mm. pressure was collected. All during this 
collection period the temperature was slowly rising along 
with a slow decrease in pressure. The main fraction was 
collected over the temperature range of 116^  to 120^ 0. at 
16 mm. pressure. The Eastman catalogue of organic compoxmds 
lists the boiling point as 115° to 120°C. at 15 mm. pressure. 
Because of the great difference in the boiling points of 
glycerol dichlorohydrin and glycerol monochlorohydrin, it 
does not seem likely that the former would be a contaminant 
in the above collected main fraction of the monochlorohydrin. 
Qualitative activation tests were made on these frac­
tions and on the original product by mixing one drop of con­
centrated hydrochloric acid with 1 ml. of material being 
tested followed by the addition of 0.25 ml. of a chloroform 
solution of vitamin A. The first (low boiling} and main 
fractions gave essentially the same color tests with vita­
min A. In each case a faint blue color developed and changed 
to a fairly stable weak violet color. The residue in the 
distilling flask gave a very weak color test. Since the 
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flrst and main fractions gave practically the same color 
tests, the possibility that GDH was the cause of color for­
mation does not seem likely. 
Ultraviolet absorption spectra of the various fractions 
were next determined In hopes of establishing the ptirlty of 
the products. The following quantities of reagent were 
weighed and sufficient reagent grade methanol added to make 
10 ml. of solution: original product, 0.8854 g.; low boil­
ing fraction, 0.7288 g.; main fraction, 0.8971 g.; and 
antimony trichloride-activated reagent (to be discussed lat­
er), 0.5179 g. The ultraviolet absorption spectra were de­
termined with the aid of the Gary recording spectrophotome­
ter over a spectral range of 235 to 400 vyju The extinction 
coefficients at the various wavelengths were calculated and 
plotted (see Figure 30). From this It Is obvious that some 
substance absorbing at 256 and 332 could be concentrated 
in the low boiling fraction. The main fraction showed very 
weak absorption maxima at 252 and 330 iy4» The antimony tri­
chloride-activated reagent appeared to contain some substance 
or substances absorbing at 255 and 330 These absorption 
spectra data do not prove or disprove the presence of glycer­
ol dlchlorohydrln as an impurity. 
Activation with antimony trichloride. The original 
Eastman glycerol monochlorohydrln was vacuum distilled with 
antimony trichloride in the following manner. Five grams of 
1- Low boiUns ftrsotlcm 
2- Xastaan, praotleal grad* 
AotiTatcd prodnot 
l^ etloa 'boillBC at proper teaperatori 
ItOO 
mM-
Zlgare 30* Ultraviolet jU)80xptl0a of Zastauux ai7c«r61 oC'4(onoehloroh7drtn and 
Produeta Obtained Oaring the Forifieatlon Frooese* 
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antimony trichloride. Baker's analyzed, was mixed with 500 
grams of glycerol monochlorohydrin in a 1-liter Claisen 
flask. ITpon subjecting the mixture to vacuum distillation, 
the initial distillate was a two-phase liquid system. This 
was soon followed by a single-phase, clear liquid. At 15 
mm. pressure the teiiq;>erature slowly rose from 74® to 95®C. 
after which the receiver was changed and the fraction boil­
ing at 96° to 117^ 0. at 14 mm. pressure was collected. 
Tests with a chloroform solution of vitamin A indicated that 
both the low-boiling and main fractions were somewhat active. 
The activated main fraction was stored in a brown glass bot­
tle. 
The absorption spectra of the reaction products of ac­
tivated glycerol monochlorohydrin with standard vitamin A 
solutions were obtained with the aid of the Gary recox^ ing 
spectrophotometer. Chloroform solutions of vitamin A were 
prepared such that the concentrations of vitamin A were 13.62 
micrograms per 6 ml. of reaction mixture. Solvent-reagent 
ratios of 1<5, 1:1 and 5:1 were employed. Spectral absorp­
tion tracings were begun at 1.5 minutes after the reactions 
were initiated and covered the spectral range of 350 to 700 
U^. In each case the tracings were begun at the red end of 
the spectrum. 
The general shape of these curves was not unlike those 
of the ODH-vitamin A color. The magnitude of absorption was. 
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however, quite different* Absorption maxima occurred at 
376, 395, 421, 553 and 640 when a solvent-reagent ratio 
of 1:5 was employed. Figure 31 indicates the change in ab­
sorption at these maxima as the reaction mixture aged. The 
553 ^  band fell off quite rapidly whereas the 640 yu band 
increased rapidly at first then became q\iite stable. The 
other maxima changed to lesser extents. 
In the case of the Isl ratio, absorption maxima were 
observed at 373, 397, 422, 555 and 640 Figure 32 shows 
the change in the various maxima at several time intervals 
up to about 35 minutes. The magnitude of absorption at the 
555 and 373 ^  bands was essentially the same at first, but 
the 555 ^  maxima fell off more rapidly as the color aged. 
Again the 640 ^  band increased quite rapidly at first then 
leveled off. 
The effect of aging of the 5:1 ratio reaction mixture 
is shown in Figure 33. The principal absorption bands oc­
curred at 355, 373, 397 and 422 the first being the most 
intense. The 355 and 373 absorption maxima were not very 
stable, particularly during the first 10 or 15 minutes after 
the reaction was initiated. 
1.2.3-Trichloropropane 
ftiialitative activation tests. Table 25 summarizes the 
results of the tests made. Eastman 1,2,3-trichloropropane 
gave color tests with vitamin A only when "activated" with 
1)00 
300 
es 
200 -
595m^ 
100 
10 0 20 
SliM ia Mljxatos 
n^e 31. Ohanees in the Sxtinetion Coefficients with Siae at the Ahsoxptlon 
Kaziaa of the Srodnot of the Beaetion of Vitanin 1 with iotlrated 
Olyoerol MonodOorohydrin vhen a lt5 SolTent-Beagent Batio was Used. 
itoo 
OB 
200 
100 
0 10 20 
Hbm in WLaatas 
Tlgare 32* Cbangea In the 2stlxietlQ& Coaffleie&ts with Sloe at the Absorption 
Xaxixta of the Prodnet of the Beaetion of Titaoin A with Activated 
Glycerol Monoohlorohjrdrln when a 1:1 Solrent-Beasent Batio was Used* 
<4 
lOOC-
6oc-
20C 
20 30 10 0 
SlM la Mimtas 
JlBare 33* Changes ia the Sztinetlon Coeffideats with Tine at the Abaozptioa 
Kaxiaa of the Arodnet of the Beaetloa of Yltaaia • vlth AotlTated 
Olyeerol Monochi orohydrla vhea a Solreat-Beageat Satlo was Used* 
148 
Table 25 
Activation of Eastman 1,2,3-Trlchloropropane with 
Various Agents 
Activating 
Agent 
Color Change when 
Vitamin A was Added Remarks 
Aqueous HP (52J^ } No color 
Concentrated fiCl No color 
Aqueous HBr (40^ ) No color 
Aqueous HI (47^ } No color 
HCIO4 (60^ ) Bright blue 
Conoentrated HNO3 Ho color 
Conoentrated %S04 Bright blue changing 
to brown 
CISO3H 
Methyl sulfate 
Naphthalene-^ -
sulfonic acid 
No color 
No color 
No color 
CC13GOOH No color 
C^ COCl No color 
Benzoyl chloride No color 
PCI3 No color 
POOI3 No color 
ASCI3, liquid No color 
AICI3, anhydrous No color 
Color rather tm-
stable. Light yel­
low color when acid 
added to reagent 
Reagent turned yel­
low when acid was 
added 
Reagent turned yel­
low when acid was 
added 
Reagent turned light 
yellow when salt 
added 
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small quantities of concentrated stilfuric acid and 60$^  per-
chloric acid* This should probably not be termed activation 
since both sulfuric and perchloric acids added to chloroform 
solutions of vitamin A also produced blue colors* It was^  
however, observed that methyl sulfate and chlorosulfonic ac­
ids would produce colors alone, but did not activate 1,2,3-
trichloropropane• 
Attempted antimony trichloride activation. After sev­
eral crystals of antimony tricliloride were dissolved in 
1,2,3-trichloropropane, reaction of the product with vitamin 
A produced a blue color which soon faded to colorless. After 
standing in a test tube for about an hour the mixture turned 
milky white. 
Activation by vacutua distillation with 1^  antimony tri­
chloride was attempted. The first fraction was discarded. 
The fraction boiling between 50° and S2°C. at 15 mm. pres­
sure was collected. The reagent was clear and colorless, 
and gave no color test with a chloroform solution of vitamin 
A. On standing for several hours in a brown-glass bottle, 
the reagent turned milky white. After several days a white 
precipitate collected on the bottom of the bottle. The clear 
supernatant liquid gave no color test with vitamin A. 
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Investigation of the Mechanism of the ODH-Vlta-
mln A Reaction 
Pormatlon of Anhydrovitamln A, 
Several investigators (48, 79, 84, 89, 134, 181, 205) 
have demonstrated the conversion of vitamin A alcohol to 
anhydrovltamin A by the action of alcoholic HCl* The same 
substance has been produced by the action of toluene sul-
fonylchlorlde of the potassium salt of vitamin A (100) and 
on vitamin A alcohol and vitamin A methyl ether (78). Vi­
tamin A esters may also be converted to the anhydro compound 
by the action of acid (50, 198) and by refluxlng with alco­
hol (68). One of the most recent reports (89) lists the ab­
sorption maxima of this compound at 352, 370 and 391 
Anhydrovitamin A has been found in certain vitamin A con­
centrates (27, 137), certain fish liver oils (50) and in the 
products obtained by a high vacuum distillation of the non-
saponlflable fraction from halibut liver oil (82). 
Since the absorption spectra of the QDH-vltamln A re­
action when high solvent-reagent ratios were used resembles 
that of anhydrovitamin A to some extent, the formation of 
anhydrovitamin A by the action of N/30 HCl in alcohol was 
followed spectrophotometrically. Figure 34 shows the change 
in the ultraviolet absorption spectrum as 52.97 micrograms 
of vitamin A (as the acetate in cottonseed oil) in 1 ml. of 
chloroform reacted with 6 ml. of N/30 HCl in ethanol. Curves 
1, 2, 3 and 4 were started at 1.5, 14.5, 34 and 91.5 minutes 
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aTter the reaotlon vas hegun. Curve 5 shows the absorption 
spectrum of a mixture of 6 ml* alcoholic HCl and 1 ml* of a 
chloroform solution containing a qiiantity of cottonseed oil 
essentially the same as that present in the vitamin A test 
solution. 
Table 26 gives a complete summary of the change in the 
extinction coefficients (based on the original vitamin A con­
tent) at the absorption maxima as the reaction progressed. 
Figuire 35 graphically shows the change at each absorption 
maxima. 
The position of these absorption bands (348, 367, 388 
and an inflection at 332 seems to agree quite closely 
with those of anhydrovitamin A published by other workers. 
A decrease in the absorption at the 387 ^  band and the sta­
bility of the 333 maximum may indicate the beginning of 
the formation of isoanhydrovitamin A which has absorption 
maxima at 330, 350 and 370 ^  (205) or at 330, 347 and 367 
vy*. (89). 
Quenching Experiments. 
The ultraviolet absorption spectrum of the ODB-vltamln 
A reaction mixture after the color had been quenched was de­
termined with the aid of the Gary recording spectrophotometer. 
!Ihe first quenching agent tried was n-butylamine. It 
was chosen because of its great inhibitory power for the ODH-
vitamin A color reaction. One ml. of a chloroform solution 
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Table 26 
Stability of the Product of the Reaction between Vitamin A 
Acetate and Alcoholic HGl 
Tine after m^ ing Time after mixing 
(minutea) nut 1cm (minutes) 
a - 348 ^  
2772 327 i§8l STST 1004' 
9.20 328 1557 8.87 1081 
15.40 330 1458 15.37 1266 
22.13 332 1390 21.87 1365 
28.55 333 1344 28.37 1450 
35.05 333 1312 34.87 1522 
41.55 333 1295 41.37 1567 
48.05 333 1281 47.87 1612 
54.55 333 1269 54.37 1643 
61.05 333 1263 60.87 1662 
67.55 333 1259 67.37 1674 
74.05 333 1259 73.87 1682 
80.55 333 1259 80.37 1674 
92.55 333 1259 92.37 1662 
Time after mixing 
(minutea) 
367 iq/i 
Time after mixing 
(minutes) ®lom 
387 mju. 
2.05 370 1.72 Vb 
8.55 727 8.22 396 
15.05 1020 14.72 648 
21.55 1258 21.22' 846 
28.05 1451 27.72 999 
34.55 1594 34.22 1096 
41.05 1695 40.72 1163 
47.55 1768 47.22 1187 
54.05 1813 53.72 1195 
60.55 1824 60.22 1179 
67.05 1842 66.72 1154 
73.55 1826 73.22 1117 
80.05 1813 79.72 1070 
92.05 1758 91,72 979 
•91. 
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oontalxilzig 25.6 mlcrograois of vitamin A was mixed with 4 
ml. of Shohan ODH. After standing for 2 minutes, 1 drop 
of n-butylamine was added and mixed with the colored solu­
tion. The violet color immediately disappeared. Fart of 
the clear solution was poured into a 10 mm. absorption cell 
and the absorption spectrum determined in the spectropho­
tometer. Absorption maxima were observed at 308« 286 and 
274 mfA, a deep minimum at 265 ^  and increasing absorption 
at wavelengths below 260 xb^  The peculiar shape of this 
absorption spectrum bro\aght up the question of possible re­
action between glycerol dichlorohydrin with the n-butylamine 
to give some product which contributed to the resulting ab­
sorption curve. To check this possibilityf a mixture of 1 
ml. chloroform, 4 ml. of ODH and 1 drop of n-butylamine was 
prepared and poured into a 10 mm. absorption cell. The sero 
point was set at a value of 0.5 on the instriiment chart in 
case the reaction mixture absorbed less light than the blank 
solution (1 ml. chloroform plus 4 ml. ODH). The absorption 
slowly increased as the tracing proceeded from 400 to 310 
 ^Beyond this point the curve dropped well below the orig­
inal zero line imtil a minimum ooourred at about 270 ^  and 
then it rose quite abruptly to the point at which the trac­
ing was completed (240 ^ ). The shape of this curve makes 
it quite obvious that there bad been a reaction between the 
amine and ODH which accounted for the odd shape of the ab­
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sorption curve of the product following the quenching of the 
vitamin A-ODH color reaction. 
Since 95^  ethanol does not react with ODH, this reagent 
was chosen to quench the QDH-vitamin A reaction. In a pre­
liminary experiment in which the color reaction was arrested 
by the addition of 8 ml. of ethanol to the reaction mixture* 
absorption maxima were observed at 282, 271 and 261 An 
experiment was then set up to determine the absorption spec­
tra of the products of the ODH-vitamin A reaction when the 
colors were quenched at various time intervals after vita­
min A and ODH were mixed. 
Each color reaction was ixiitiated by mixing 1 ml. of a 
chloroform solution containing 51.22 micrograms of vitamin 
A with 4 ml. of Shohan ODH. The colors were discharged by 
the addition of 2 ml. of 95jt ethanol at 15, 20, and 40 sec­
onds and 1, 2, 4 and 8 minutes after the color reactions 
were begun. The ultraviolet absorption spectra were deter­
mined over the range of 240 to 400 Figure 36 shows the 
results of these absorption qpeotral studies. A curve made 
by mixing 1 ml. of the vitamin A solution with a solution 
containing 4 ml. of Shohan ODH and 2 ml. of ethanol was in­
cluded to indicate the absorption spectrum of vitamin A 
that had not ludergone any color reaction. The small ab­
sorption maximiun at about 390 i^ was observed which probably 
indicates the beginning of a dehydration reaction 
i 
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due probably to the presence of free HCl In the GDH. A curve 
shoving the absorption of a mixture of 1 ml. of a chloroform 
solution of cottonseed oll^  4 ml* of ODH and 2 ml* of ethanol 
was also Included* 
The absorption spectra of the reaction mixtures which 
had been quenched at less than 1 minute after color forma­
tion had at 335« 349 and 369 In addition to three 
others at 261, 272 and 282 Reaction mixtures uhloh were 
allowed to stand over one minute before quenching with alco­
hol had no absorption maxima at wave lengths greater than 
300 xafk but did absorb to greater extents at the lower ab­
sorption maxima* As the time of reaction Increased the ab­
sorption at the lower wavelengths Increased while that at 
the longer wavelength maxima decreased* 
In another experiment the reaction of ODH plus alcohol 
on cottonseed oil was determined* There was essentially no 
change In the ultraviolet absorption spectrum over the range 
of 260 to 400 -yJL as the mixture aged* 
Ultraviolet Absorption Spectra as the QDH-Vltamln A Color Re­
action Aged 
liS Solvent-reagent ratio* Multlpot adjustments were 
made over the range of 250 to 400 ^ wlth a blank composed 
of one part chloroform solution of cottonseed oil (0*451 
gram per 25 ml*) and five parts of Sholian ODH* One ml* of 
chloroform solution containing 52*92 micrograms vitamin A 
(crystalline vitamin A acetate In cottonseed oil) was mixed 
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«ith 4 ml. of Shohan ODB. The colored solution was poiired 
into a 10 mm. cell and the absorption spectrum determined 
with the Gary recording spectrophotometer* An absorption 
spectral tracing was made every 6 minutes over a 50-minute 
period. Curves 1 and 2 in Figure 37 are the first and last 
spectral absorption c\irves obtained. Absorption maxima oc­
curred at 262, 272, 263, 299, 312 and 356 ^  Curve 3 Is 
the absorption spectrum of 52.92 micrograma of vitamin A per 
6 ml. of chloroform run against a blank containing a quan­
tity of cottonseed oil equivalent to that present in the 
vitamin A solution. 
5:1 Solvent-reagent ratio. Five ml. of a chloroform 
solution containing a total of 52.92 micrograms of vitamin A 
were mixed with 1 ml. of ODH and the ultraviolet absorption 
spectrum of the solution obtained with the recording spec­
trophotometer. The blank consisted of 1 ml. of ODH and a 
mixture of 5 ml. of chloroform containing a quantity of cot­
tonseed oil equivalent to that present in the vitamin A so­
lution. A series of twelve absorption curves were traced 
over an 80-mlnute period. Several of these are shown in 
Figure 37. Curve 4 was traced, starting at the 400 ^  mark, 
1.5 minutes after the reaction was initiated. Curves 5, 6, 7 
and 8 were started at 7.5, 19.5, 43.5 and 80 minutes. As the 
reaction progressed the absorption at the shorter wavelengths 
increased and that between 300 and 400 decreased. Ab-
V 
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sorptlon maxima occurred at 262^  272 and 283 ^  nhlch were 
the same as those observed when the 1:5 solvent-reagent 
ratio was employed. 
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DISCUSSION 
It was found that glycerol dichlorohydrin, either the 
1,3- or a mixture of 2,3- and l^ S-dichlorohydrins, could be 
activated with a number of compounds and reagents* By ac­
tivation is meant the ability of the ODH to react with a 
chloroform solution containing vitamin A to produoe a color. 
Certain Inorganic acids such as concentrated hydrochloric, 
concentrated sulfuric, chlorosulfonic and 60% perchloric 
acids caused good activity. Moderate activity was produced 
by addition of small amounts of aqueous hydrobromic (A0%) 
and aqueous hydrofluoric (52^ ) acids. When the above ac­
tivated glycerol dichlorohydrlns were tested with vitamin 
A, a blue color which changed to violet resulted in each 
case except the hydrofluoric acid-activated ODH which re­
sulted in a faint blue color which faded quite rapidly. 
Aqueous hydriodic acid (47^ ) resulted in essentially no ac­
tivation while a comple tely negative result was obtained 
when concentrated nitric acid was added. 
The following carboxylic acids were tested and fotind to 
produce no activityi acetic, monoohloroacetic, trichloro­
acetic and citric acids. Penketh (179) suggested that hy­
drochloric acid, or perhaps hydrogen ions, is the activating 
agent. The fact that concentrated nitric, acetic and tri­
chloroacetic acids failed to produoe activity appears to 
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Indioate that hydrogen Ions per se do not neoessarlly cause 
activation. The anion may be Just as Important as the hy­
drogen ion. 
The organic sulfonic acids tested were found to activate 
6DH. The color formed with vitamin A nas blue which slowly 
changed to violet. A closely related compound, methyl sul­
fate, was a good activating agent. Activity in this case 
may be the result of reaction between ODH and methyl sul­
fate to produce some sulfuric acid along with an equivalent 
amotuat of methyl ether of QDH. The sulfuric acid may be 
the agent that actually causes the activation in this case* 
Benzoyl and acetyl chlorides caused fairly good ac­
tivation. This may possibly be explained on the basis of 
reaction between the hydroxyl group of ODH with the acid 
chloride to produce a small amotmt of ester along with an 
equivalent amount of HCl, the latter being responsible for 
the activation. 
Certain inorganic halides were foimd to produce good 
activity when added in small amounts. These included phos­
phorus trichloride, phosphorus oxychlorlde, arsenic tri­
chloride and aluminiim trichloride. Here again the activity 
was probably due to the presence of HCl formed by reaction 
with QDH. The formation of HCl by the reaction of anhy­
drous aliuninum trichloride with QDH in a carbon disulfide 
medium has been demonstrated by Claus and ^ itorcklln (31). 
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The organic derivative iraa said to be C]^ C1CB}A1G12C^ C1« 
Siilftir dioxide dissolved in ODE failed to cause acti­
vation* As a matter of fact, this reagent when mixed with 
active ODH inhibited normal color formation. 
Quantitative activation studies were made with hydro­
chloric acid, sulfuric acid and chlorosulfonic acid. Figure 
38 includes the absorption spectra of the colors resulting 
from reactions of O.ljt OOl-activated ODH, ClS(^ H-ac-
tivated ODH and 1.0^  H2S04-activated ODH with vitamin A. 
The curves for the HOI- and OlSO^ H-activated reagents were 
very similar in shape, both having absorption maxima at 
553 and 358 The i^ SO^ -activated reagent had absorp­
tion maxima at 452 and 545 Rafter the reaction had pro­
gressed for 5 to 6 minutes. The shift to 545 ^  and the 
prominence of the 452 band indicates the formation of a 
complex between vitamin A and ODH that is different than 
that formed with HGl- or OisO^ H-activated ODH. Perhaps the 
most interesting observation was the excellent stability of 
the 545 ^  maximum of the l^ SO^ -activated ODH-vitamin A color. 
The reasons for this stability and the lack of good stabil­
ity in the case of the Hci-activated reagent are not clear. 
The stability of the color produced by the ClSO^ H-activated 
reagent was better than that of the HCl-activated ODH. It 
appears therefore that the SO5H group aids to some extent 
in stabilizing the color produced by reaction of ODH with 
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vltamln A. Ghlorosulfonlc aold may possibly react with ODH 
to produce HCl and a substituted sulfuric aold. The latter, 
even thoiigh present in small amounts, may be responsible for 
the Increased stability of the violet color. 
In another series of experiments the quantities of an­
hydrous UCl axid of chlorosulfonlc acid required to produce 
maximum activation of ODH were investigated. Figures 4 and 
9 show the concentrations of each acid required to produce 
maximum activation. In each case there was quite a wide 
concentration range that resulted in good activation. After 
several of these acid-activated reagents had been stored for 
several weeks in clear, glass-stoppered bottles the activity 
was rechecked. Reagents containing relatively large quanti­
ties of acid were found to either increase in activity or 
decrease only to a slight extent. Reagents which had opti­
mum activity when freshly prepared were found to decrease in 
activity. The reagents containing only traces of activating 
acids and having low initial activity were observed to in­
crease in activity on standing in the laboratory. This ac­
tivity, however, began to decrease on continued storage. 
These findings point to the probability of light decomposi­
tion of ODH to produce at least two products, one which in­
creases activity and another which has an inhibitory effect 
on color formation when ODH reacts with vitamin A. High 
concentrations of acid seem to slow down the formation of 
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the inhibitor trhereas reagents originally containing opti­
mum levels of acid begin to decrease in activity because of 
inhibitor formation. Reagents containing little acid and 
having low activity became more active because of the for­
mation of an activating substance which is probably HCl. 
On further storage the aocuzoulatlon of color inhibitor 
finally overcame the effect of the activator and resulted 
in diminished activity* 
Activation of GDH was accomplished by simply heating 
with antimony trichloride, A sample containing about 0.1^ 
antimony trlohlorlde by weight was subjected to a temperature 
of 85^0. for periods ranging from 1 to 4 hours. After cool-
lng» the ultraviolet absorption spectra of these reagents 
was determined. The absorption spectrum was different for 
each reagent, showing increased absorption In the range of 
230 to 300 ^as the reagent was heated for longer periods 
(see Figure 12). These data are presented as possible evi­
dence for the formation of some sort of complex between an­
timony trichloride and ODH. Apparently there was no reac­
tion when antimony trichloride was dissolved in QDH at room 
temperature. This was demonstrated by determining the ab­
sorption spectra of QDH alone, antimony trichloride alone 
and GDH plus antimony trichloride using methanol as the sol­
vent in each case. The absorption spectra of the latter was 
the summation of the other two. 
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The activity of the reagents prepared by heating ODH 
with antimony trichloride Increased with Increased heating 
time. Although entirely unsuspected, the negative control 
containing no antimony trichloride was found to develop 
good activity by the action of heat alone* The stability 
of the color produced by reaction of vitamin A with the an­
timony trichloride-activated reagent was much better than 
with the reagent activated solely by heating for 4 hours. 
The former decreased by 26^ and the latter by 50^ over a 
6-mlnute period. 
It seems likely that some sort of complex formed by 
heating antimony trichloride with GDH which resulted in a 
reagent of good activity capable of producing a stable 
color with vitamin A. The following equations are postulated 
as possible mechanisms for the antimony trichloride activa­
tion} 
HCl could then be the principal activation agent and the 
antimony conq;>lex could be partially responsible for Increased 
stability of the ODH-vltamln A color. These possible reac­
tion mechanisms are based largely on the known reaction of 
4- SbCl. + lj 
iHgCl 
lH0-3bCl2 4. HCl 
IHgCl 
4- HCl 
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alumlnua chloride with QDH (31). 
Penketh (179) claimed that HCl was the activating 
principle when activated ODE was prepared by vacuum distil­
lation with antimony trichloride. The present Investigation 
confirms this Idea, at least In part. A reagent prepared 
by vacuum distillation of ODH with antimony trichloride 
was found to have good activity and the stability of the 
QDH-vltamln A color was quite good. Redistillation of this 
reagent resulted, as Indicated by the ultraviolet absorption 
spectrum. In a diminished antimony trichloride content but 
the reagent had Increased activity and the stability of color 
was Improved. Another redistillation of the QDH produced a 
reagent which contained practically no antimony trichloride 
and had diminished activity and stability of color. Activa­
tion In the latter case was probably due to the presence of 
Hci In the reagent. When approximately 0.02^ antimony tri­
chloride was added to the reagent containing no antimony, 
the activity was decreased and the course of color development 
was Influenced; maximum color formation was not attained 
until about 3 minutes after Initiation of the color reaction. 
EarZ4er It was shown (see Figure 3) that addition of 0.013^ 
antimony trichloride per se to a reagent activated by 0.5^ 
hydrochloric acid caused an Improvement In stability of 
the OOH-vltamln A color but reduced the activity of the 
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reagent to a slight extent. All these experiments indicate 
quite definitely that activity is not dependent upon the 
presence of antimony in the reagent, but that its introduce 
tion into the reagent by way of codistillation with QDH under 
vacuum or by heating a mixture of ODH and antimony trichloride 
results in a reagent with better activity and improved sta­
bility of the ODH-vitamin A color* It seems quite probable 
therefore that antimony is, at least in part, associated with 
ODH in some way that results in improved stability of the 6DH-
vitamin A color. 
Glycerol dichlorohydrin in an inactive form was found 
to become active gradually upon exposure to laboratory 
light. This was observed with all brands of ODH tested. 
The rate of activation by light was diminished when the ODH 
was stored in brown bottles. Heating was also found to cause 
activation of Shell ODH but not freshly deactivated Shohan 
ODH. However, upon standing for several weeks in a clear, 
glass-stoppered bottle even the latter type of ODH became 
activated. Inactive ODH gave no test for free halogen ion 
with alcoholic silver nitrate, but after activation by heat 
or light it gave a strongly positive halogen ion test. The 
mechanism of this decomposition of QDH by heat and light is, 
as far as could be ascertained, now known, llie following 
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possible mechanisms are suggested: 
CHgCl 
1. CHOH 
iH2Cl 
CH 4- HCl 
HoCl 
IHOH 
iHgCl 
GBgCl 
-> CH - 0 - CH2 - CHOH - CH2CI + HCl 
fcHgCl 
3. 
iHgOl 
BOH 
iHgCl 
ClCHg - C^^CHo 
• 11 4- HCl 
CII^^CH - CHgCl 
The first equation does not appear too likely since epi-> 
chlorohydrin is known to react with HCl quite readily and 
thus the tendency for reaction would most likely be in the 
reverse direction* Also it was observed that epichlorohy-
drin was very effective in inhibiting the ODH->vitamin A col­
or, If this was the decomposition reaction, the epichloro-
hydrin would probably cause inhibition to about the same ex­
tent as the HCl would cause activation and the net result 
would be no activation. 
The second equation may take place with the formation 
of an ether linkage. If this is the correct mechanism, it 
would seem possible that continued deconqposition reaction 
could oocxir to give long-chain compotmds resulting from 
splitting out HCl and the formation of ether linkages. The 
over-all eqiuition would then be 
-172 
(fH2Cl ^HgClr 1 
(X + 2) CHOH > CH - b - CH2 - CH - b - CHg - CHOH 
6H2CI CH2C1L CH2C:y CH2CI 
+ (X + 1) HCl 
The third eqxiatlon indicates the possible formation of 
a dioxane derivative along with HCl. The aocunmlation of 
this derivative oould x^sult in a dlmunltlon of the ODH* 
vitamin A color intensity since it has been shown that di­
oxane Itself caused some inhibition* The formation of this 
cyclic ether from glycerol dichlorohydrln appears to be quite 
possible since Faucounler and Sanson (61) prepared It by re­
action of HCl with dry glycerol at 180-200^C., a reaction 
which will produce glycerol dichlorohydrln. Stoeht (222) 
found it as a by-product in the distillation of glycerol 
with ammonium phosphate and ammonium chloride. Eattegay and 
associates (6) were successful in syntheslsing it by fusing 
diglycerol with phosphorus trichloride. The pure compoxuid 
is crystalline with a melting point of 112-113^C. and a boil­
ing point of 232-233OC. 
In the case of a mixture of glycerol 1,3-dlohlorohydrln 
and glycerol 2»3-diohlorohydrln« the proposed dioxane deriva­
tive oould be 
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Aslde from the positive test for the chloride Ion no fiirther 
Investigation of the nature of the ODH-decompositlon pro­
ducts was made. 
tfeunler and Vlnet (138) reported that compounds which 
donate electrons caused discharge of the blue color result­
ing when vitamin A was adsorbed on an acid clay. They found 
pyridine to be very effective and indicated that alcohols, 
acetone, ether and amines also caused discharge of the blue 
color. The introduction of a solvent wMoh donates electrons 
also stops the antimony trichloride reaction with vitamin A 
(133). Addition of several types of compounds to activated 
ODH was found to decrease the activity of the colorlmetrlo 
reagent. The most powerful confounds tested were pyridine, 
aniline, n-butylamlne and epichlorohydrln. The nitrogen-
containing confounds liad essentially the same inhibitory In­
fluence, concentrations of approximate 0.01^ by weight caused 
complete inhibition. Epichlorohydrln was somewhat less ef­
fective in the prevention of the violet ODH-vitamin A color. 
Aqueous ammonia in all concentrations tested completely in­
hibited the color formation. Aqueous KOH was quite effective, 
while dioxane, alcohol and water liad lesser effects. 
It appears that compounds having an affinity for HGl 
cause inhibition of the ODH-vitamin A color. The reason for 
this probably lies in the combination with free HCl which is 
probably the activating principle in the antimony trichlor-
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ido-aotivated ODH» In addition there may be a possibility 
of reaction of the amines with glycerol dichlorohydrin to 
form amino derivatives followed by the formation of the 
hydrochlorides* Dioxane, vater and alcohol could possibly 
have catised some inhibition by the formation of oxoxiium 
salts with Hoi, Even though traces of moisture caused very 
little inhibition of the QDH-vitamin A color, it became evi­
dent from this study that mhydrous conditions are to be 
preferred in any vitamin A analysis procedure. 
Other glycerol derivatives were tested in an effort to 
ascertain the structural requirements required for the for­
mation of good color with vitamin A. A number of qualita­
tive activation teats were made with glycerol <-monochloro-
hydrin and l«2«3-triohloropropane« Fractioally all com-
pounda or aolutiona that activated the glycerol dichloro-
hydrina oauaed weak aotivation of glycerol 4rmonochlorohy-
drin* These included concentrated hydrochloric, concen­
trated aulfuric, chloroaulfonic and 60% perchloric acids, 
methyl aulfate, phoaphorua trichloride, phoaphorua oxychlor-
ide, araenic trichloride and aluminum trichloride. The color 
flrat formed in each caae waa a light blue which changed to 
a faint violet within a minute or ao. Aa in the caae of the 
ODH activation, nitric and trichloracetic acids gave com­
pletely negative results. 
Of all the substances tested oxily two, concentrated 
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sulfuric acid axid 60^ perchloric acid, caused activation of 
1,2,3-trichloropropane. Activation is probably an incorrect 
term to use in this case since chloroform solutions of vitamin 
A gave color reactions when these acids were added. 
Activation of glycerol <ic->fflonochlorohydrin and 1,2,3-
trichloropropane by codistillation with 1% antimony tri­
chloride under vacuum was attempted. The former was found 
to be somewhat active and the absorption spectrtim of the color 
produced by reaction with vitamin A was not unlike that of 
the ODH-vitamin A color. The absorption spectrum differed 
mainly in the magnitude of absorptions at the 553 and 373 
bands. Table 27 shows the effect of the solvent-reagent 
ratios on the extinction coefficients at the 553 and 373 
bands when activated QDH and glycerol «(-monochlorohydrin 
were tested with vitamin A. The QDH values at the 555 ^ 
band were considerably higher than those obtained with gly­
cerol monochlorohydrin. However, at the 373 ^ band the ex­
tinction coefficients were approximately the same at each 
solvent-reagent ratio. These data appear to discredit the 
possibility that glycerol a(-monochlorohydrin was contami­
nated with glycerol dichlorohydrin. The 1,2,3-triohloro-
propane that was vacuum distilled with antimony trichloride 
failed to give a color test with vitamin A. 
The evidence thus far accumulated appears to indicate 
that a hydroxyl group and two chlorine atoms on different 
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carbon atoms in a glycerol derivative are required for good 
color development when reacted with vitamin A. Sobel (207) 
indicated that ethylene chlorohydrln, trlmethylene chloro-
hydrin, propylene chlorohydrin, propylene glycol, acetylene 
tetrachloride, trichlorohydrln, l-chloro-2,3-epoxypropane 
Table 27 
Comparison of the Extinction Coefficients of the Colors Pro­
duced by the Reaction of Vitamin A with Shohan QDR and SbCl3-
Activated Glycerol Monochlorohydrln 
Solvent-Reagent 
^ Ratio ODH 
1cm 
553 1:5 434 1178 
Itl 342 919 
5:1 18 150 
373 1:5 222 180 
1:1 336 217 
5:1 934 901 
a 
Activated glycerol o(-monoohlorohydrin 
and glycerol oc-monochlorohydrin were tested with essentially 
negative results. No compound closely related to glycerol 
has yet been shown to have' activity as great as glycerol di-
chlorohydrin* 
A rather extensive study was made of the effect of the 
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solvent-reagent ratio on the absorption spectrum of the ODH-
vitamin A color* Ratios of 1:9, 1:7, 1:5, 1:3, 1:1, 3:1, 
5:1, 7:1 and 9:1 were employed with redistilled U.S.P. chlor­
oform as the solvent for the vitamin A and Shohan GDH as the 
reagent* Table 13 svuamarizes the extinction coefficients at 
the absorption maxima observed at various time intervals* 
When low solvent-reagent ratios were used the principal ab­
sorption band was at 555 whereas the most intensive ab­
sorption maximum was at 353 ^ when high solvent-reagent 
ratios were employed* 
Figure 39 indicates the effect of the solvent-reagent 
ratio on the absorption at 555 and 353 ^ at 2*72 and 4*37 
minutes, respectively, after initiation of the reactions* 
Apparently the extinction coefficient at 555 ^ was not 
changed to any significant extent when an excess of reagent 
was added, i*e., the absorption at 555 ^ was essentially 
the same when ratios of 1:3, 1:5, 1:7 and 1:9 were used* 
When these same reaction mixtures were used, the absorption 
at 353 ^ was low and eaaentially constant* The selection 
of a 1:4 or 1:5 solvent-reagent ratio is quite acceptable 
for measurement of the violet color developed by reaction of 
vitamin A with activated Shohan ODH. 
As the quantity of solvent in the reaction mixture in­
creased, the absorption at 353 increased, while the 555 
^ absorption decreased to practically zero. The reason for 
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the high 353 ^ extinction coefficient is not known, but 
it may possibly be related to (1) the purity of the acti­
vated ODH or (2) the HCl concentration in the reagent. The 
shape of the absorption spectral ctirves of these ODH-vitamin 
A reaction products resembles that of the product resulting 
from dehydration of vitamin A with anhydrous HCl. 
The effect of 1:4, 2tZ, 3:2 and 4:1 solvent-reagent 
ratios on the absorption spectra of QDB-vitamin reaction 
products was investigated by using a batch of recovered, 
reactivated, once-used Shohan ODH. The shape of these ab­
sorption curves was the s ame as those obtained with fresh 
Shohan QDH, but the magnitude of the absorption at the lower 
wave lengths was quite different. Considerably hi^er ex­
tinction coefficients were observed at 353 vyt when the re­
covered product was used at a 4:1 solvent-reagent ratio. 
The stability of this absorption maximum, and also of the 
555 ^band, was better than that observed with the original 
Shohan ODH. The reason for these differences in reagents is 
not definitely known, but it appears that the differences 
may be due to the HCl and mtimony trichloride contents in 
the reagents. 
If the 4:1 ratio reaction involves a dehydration, the 
high extinction coefficient at 353 nyi could be explained on 
the basis of the HCl content in the reagent. It was shown 
by other workers (48, 205} that the rate of formation of 
-180-
anhydrovltamln A was dependent upon the oonoentratlon of 
HCl in alcohol and the temperature of the reaction mix­
ture* It may not be entirely unreasonable to postulate 
that the reaction involved only the HCl content when high 
solvent-reagent ratios were used. In fact> it may be pos­
sible to estimate the approximate free HCl content in a 
batch of ODE by measuring the absorption at 353 lyA when a 
high solvent-reagent ratio is used. This point seems 
worthy of further investigation. 
Activated QDH reacts with ^carotene to produce a pro­
duct which absorbs weakly at 500 and 625 and shows in­
creasing absorption between 750 and 800 vyn. (213 }• It was 
found that the absorption increased with the wavelength up 
to 1000 and appeared to reach a maximum near 1030 
The readings above 1000 s^may not be entirely acceptable 
since the use of the Beokman spectrophotometer is not recom­
mended at wavelengths longer than 1000 ^ Stability of the 
extinction coefficients decreased as the wavelength was in­
creased above 900 Because of the relatively high and 
fair stability of the extinction coefficient at 950 the 
measxirements of carotene in calf blood plasmas are being 
made at this wavelength. Measurements are made exactly at 
4 minutes after mixing the QDH with the chloroform solutions 
of the plasma extracts* This method permits a more sensitive 
estimation of carotene than the usual method of mebsuring it 
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at 440 ^ in the petroletua ether extract. 
The activities of several brands of activated GDH were 
tested. Shohan GDH was used without further treatmentf 
while the other brands were activated by vacuum distilla­
tion with 1^ antimony trichloride. There appeared to be 
little difference in the activities of the various rea­
gents. The Shohan ODH-vitamin A color was not quite as 
stable as the colors produced by activated Eastman glycerol 
(75^ dichlorohydrin. Shell glycerol dichlor' 
ohydrin, and Paragon glycerol e^V-dichlorohydrin. The rea­
son for this difference in color stability may possibly in­
volve the time interval between activation and actual use 
in the color reaction. All reagents activated in the lab­
oratory were tested within two weeks after activation. 
Storage between activation and the time of testing was in 
brown-glass bottles or in clear-glass bottles kept inside 
light-tight cartons. The activation date of Shohan GDH 
was not known. 
Several experiments were performed in an attempt to 
determine the mechanism of the ODH-vitamin A color. It was 
found that the color reaction could be readily quenched by 
the addition of ethanol. The ultraviolet absorption spec­
trum of the solution then gave an indication of any change 
in the vitamin A molecule resulting from the reaction with 
activated GDH. Absorption maxima were observed at 335, 349 
-182' 
and 369 o|M in addition to three others at 261, 272 and 282 
^ when the color reaction was allowed to proceed up to 1 
minute before quenching (see Figure 36). The compound re­
sponsible for the absorption at the longer wavelengths may 
be isoaxihydrovitamin A. 
Shants, Cawley and Bmbree (205) reported the formation 
of isoanhydrovitamin A (absorption maxima at 330, 350 and 
370 by the prolonged reaction of vitamin A with alco­
holic HCl or by treating anhydrovitamin A with HGl or anti­
mony trichloride. Isler and associates (89) prepared this 
compoimd by treating vitamin A with alcoholic HOI (0,033 R) 
for 12 hours at 20^0. After extraction with petroleum ether 
and chromatographing through alximina, a conpotmd having ab­
sorption maxima at 330, 347 and 367 was obtained. The 
formation of isoanhydrovitamin A has also been reported by 
other workers (198, 236). 
The absorption q;>eotra of the reaction mixtures quenched 
within 1 minute after the reactions were initiated also re­
sembled those of vitamin A that was irradiated for short per­
iods. Sobotka, ^ al. (217) reported that there was spec­
troscopic similarity of the irradiated product with isoan­
hydrovitamin A, which indicated structural similarity of the 
two products. These compounds were, however, not the same 
since the isoanhydrovitamin A was non-fluorescent and the ir­
radiation product, in contrast to the isoanhydrovitamin A, 
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did not pass through an alumina oolxuan* The work of Chev-
allier and Duhoulos (28, 29) also indicated the formation 
of a substance absorbing at about the same wavelengths by 
irradiation of vitamin A by a mercury arc. 
Certain compounds related to vitamin A have been found 
to absorb at about the same wavelengths as the product of 
% 
the ODH-vitamin A reaction* Shantz (203) prepared a com­
pound which lacked only the terminal carbinol group of vi­
tamin A and had absorption bands at 330, 348 and 367 ^ 
Hilas and associates (142) synthesized a compound that they 
called allo*vitamin A ethyl ether. This had the same ab­
sorption bands as the hydrocarbon prepared by Shantz. Eiar-
rer and Benz (95) synthesized axerophten which has the same 
structure as anhydrovitamin A except for hydrogenation of 
the terminal double bond. This compound exhibited absorp­
tion maxima at 331, 346 and 364 ^ Karrer and Jucker (96) 
prepared a compound, 02q%q02, which absorbed at 333.5, 350 
and 367.5 ^ by treating vitamin A epoxide with chloroform 
containing a small amount of HOI. Embree ond Shantz (52) 
found that subvitamin A formed an anhydro derivative which 
had ultraviolet absorption maxima at 332, 348 and 367 
An examination of Figure 36 shows that some substance 
resiilting from the reaction of vitamin A with ODH for per­
iods over 1 minute exhibits absorption maxima at 261, 272 
and 282 The absorption at these bands increased as 
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the color reaction time Increased, at least up to 8 minutes. 
The chemical nature of the substance responsible for these 
absorption bands Is not known, but the substance may be 
similar to or Identical with certain products reported by 
other workers. A decomposition product of vitamin A which 
absorbed at 275-285 ^ was reported by Morton and Hellbron 
(148). Sarrer, ^ al. (101) separated a highly concentrated 
vitamin A Into two fractions, the main one absorbing at 328 
^ and the other at 270 Frltchard and associates (181) 
found a biologically active material In a vitamin A concen­
trate which was Insoluble in methanol and possessed an 
absorption band at 285 to 290 Treatment of a vitamin A 
concentrate with ozonized oxygen rapidly destroyed vitamin 
A but compoimds with absorption maxima at 290 and 272 ya, 
were detected in the early stages (48). LePage and Fett 
(109) found a substance, absorbing at 275 in blood and 
feces of hximan subjects after ingestion of large doses of 
vitamin A. This substance was related to an oxidation pro­
duct of vitamin A obtained by peroxide oxidation of vitamin 
A in the nonsaponlflable fraction from fish liver oils. 
Karrer and Jucker (96) synthesized vitamin A epoxide 
(absorption maximum at 275 ^) by the reaction of monoper-
phthallc acid with pure vitamin A. A second oxidation pro­
duct which absorbed at 339 ^ was also formed in the reac­
tion. Troltskllll (230) proposed a structure for vitamin A 
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epoxide based on deductions made from the absorption roajclma 
of known vitamin A members by considering the nature and 
number of double bonds and the position of the methyl hy-
droxyl and other groups. Vlnet and Meunler (235) prepared 
a water-soluble oompoimd by the oxidation of vitamin A with 
perphthallo acid* The ultraviolet absorption spectrum in­
cluded maxima at 282 and 235 They pointed out that the 
oompoxmd probably contained a secondary hydroxyl group in 
the number ten position which divides the conjugated sys­
tem into two uneqxial parts* 
Embree and Shantz (52) reported a substance called 
subvltamin A which had an absorption maximum at 290 ^ci. Ap­
parently it is an oxygenated derivative of vitamin A oc­
casionally foxind in the nonsaponifiable fraction from shark 
liver oil. Hawkins and Hunter (79) suggested that subvlta­
min A is probably the primary oxidation product of vitamin 
A where oxygen presumably attacks the double bond in the 
#-ionone ring. 
Ultraviolet irradiation of vitamin A causes certain 
changes In the molecule that results in the formation of a 
product or products absorbing at wavelengths below 300 
Sobotka and associates (217) reported the formation of a 
substance which absorbed at 275 ^ when vitamin A acetate 
was irradiated for 40 minutes. The photochemical destruc­
tion of the primary irradiation product, absorbing at 325, 
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346 and 364 was probably an oxidation reaction resulting 
in an oxidative degradation of the aide chain to yield a 
substance vith three conjugated double bonds with absorp­
tion around 275 Halpern (77) also described the forma­
tion of a substance absorbing at 270 by destructive ir­
radiation of vitamin A* 
The formation of a product or products with principal 
absorption bands at 262, 272 and 283 ^ was observed spec-
trophotometrically as the ODH-vitamin A color reaction was 
in progress (see Figure 37)» Solvent-reagent ratios of lt5 
and 5:1 were used in this study. The formation of the three 
maxima was more rapid In the first reaction mixture« and did 
not change to utxj marked extent over a 50-mlnute period* 
These maxima were slow in developing when the 5:1 ratio was 
employedI and were found to Increase with decreasing absorp­
tion at the longer wavelengths* 
As far as could be ascertained, no report has been made 
regarding the formation of a compound related to vitamin A 
with an absorption spectrum like the one Indicated above* 
It Is, however, conceivable that the peaks on either side 
of the 272 ty*. band could have been missed in some of the 
studies of oxidation products of vitamin A* 
On the basis of the spectrophotometrlc findings and 
comparison of the data with the ultraviolet absorption spec­
tra of certain compoiuids reported in the literature, the 
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meohanlsst of the ODH-vltaaln A reaction appears to Involve 
a dehydration followed \>j oxidative degradation of the vi-^ 
taaln A aide chain. As pointed out above* the initial step 
in the reaction appears to involve dehydration with the 
probable formation of anhydrovitamin A or at least something 
closely akin to it. As the reaction progresses the forma­
tion of isoanhydrovitamin A seems likely. On standing for 
longer periods of time* there appears to be some sort of 
oxidative degradation to form a compound with absorption 
maxima at 262, 272 and 283 The following scheme is 
suggested! 
Vitamin A acetate >anhydrovitamin A ——>lsoanhydrovl-
tamln A >oxidatlve degradation products 
The color probably results from a loose combination of ODH 
with anhydro- or isoanhydrovitamin A. As the color fades 
the formation of degradation products undoubtedly takes 
place. 
The following mechanism which may possibly account for 
the color formation is suggested; 
® + HC|. 
«i 
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Some evidence for part of these steps has been published. 
Luder emd Ztiffantl (114) described the formation of acidic 
Ions when esters react with H-aclds* The work of tfeunler 
(129) also Indicates the formation of the vitamin A cation* 
The tendency for glycerol dlchlorohydrln to Ionise to some 
extent appears to be due to the Inductive effect of the two 
chlorine atoms. The relative proton-escaping tendency of 
the link RO-fi Increases as the relative electron-attraction 
of the R group Increases (93)• The 6DH anion would then be 
attracted by the vitamin A cation to form a colored complex. 
Further action of flCl could possibly regenerate ODH and 
finally result in the formation of anhydrovitamin A. Meunler 
% 
and associates (134) have proposed a mechanism for the for­
mation of anhydro vitamin A by the action of HCl* The struc­
ture of isoanhydrovitamin A has not yet been established* 
The nature of the final product of the ODfl-vitamln A reac­
tion is quite obscio'e but appears to be a product result­
ing from degradation of the vitamin A side chain* 
Although the data reported here shed some light on 
the mechanism of the color reaction^ further investigation 
will be required in order to completely establish the iden­
tity of the several products of the QDH-vltamin A reaction. 
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SUUKARY AIID CONCI.USIOMS 
Pure glycerol dichlorohydrln gave no color test with 
vitamin k, but was activated by the addition of small amotmts 
of certain inorganic acids, metallic and non-metallic halides, 
acyl halides and several other compounds* Compounds or so­
lutions which were good activating agents included concen­
trated hydrochloric acid, concentrated sulfuric acid, chlor-
osulfonic acid, perchloric acid, phosphorus trichloride, 
phosphorus oxychloride, aluminiua chloride, arsenic trichlor­
ide and methyl sulfate. The hydrogen ion per se is not the 
sole activating agent since addition of nitric acid, acetic 
acid, monochloroacetic acid or trichloroacetic acid did not 
result in an activated reagent. 
Oood activation of ODH was produced by concentrations 
of anhydrous hydrogen chloride ranging from 0.002 to 0.08 N, 
with optimum activity at 0.01 N hydrogen chloride. 
Good activation was produced by concentrations of chlor-
osulfonic acid ranging from 0.02 to 0.5^ acid, with optimum 
activity at 0.1^ chlorosulfonic acid. 
The activity of ODH activated with either anhydrous HCl 
or chlorosulfonic acid changed on standing in thjS laboratory. 
Reagents originally showing optimiim activity became less ac­
tive, while tliose having excess or mere traces of acid be­
came somewhat more active on standing at room temperature 
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and on exposure to laboratory light* 
GDH activated by the addition of 1^ concentrated sul­
furic acid produced a blue color irhen first mixed with a 
chloroform solution of vitamin A. Within 5 or 6 minutes 
the blue changed to a fairly stable but not very Intense 
red-violet color with majcimum absorption at 545 and a 
smaller absorption band at 452 
ODH was activated by heating up to 4 hours at 
with concentrations of antimony trichloride ranging from 
0.3 to 1^. Activity wasi greatest with the higher levels 
and longer heating periods. The ultraviolet absorption 
spectrtim of ODH activated by heating with 0.3^ antimony 
trichloride indicated a change in the reagent due to a re­
action of antimony trichloride with ODH to produce a der­
ivative containing antimony or a chemical bonding between 
the reactants* 
Oood activity was produced by vacuum distilling sev­
eral brands of ODH with 1^ antimony trichloride. No sig­
nificant difference between brands was observed when sol­
vent reagent ratios of 1:5 and 5:1 were employed. The ac­
tivity of these reagents was equal to or better than ODH 
activated with either HCl or CISO^H. Apparently antimony 
trichloride reacted with ODH during the heating and dis­
tillation to produce HCl along with a distillate which con­
tained antimony. 
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Olycerol dlchlorohydrln activated by the addition of 
concentrated hydrochloric acid, chlorosulfonic acid, or by 
vacuum distillation with antimony trichloride, when present 
in excess, reacted with vitamin A acetate to produce a vio­
let color which had a principal absorption maximum at 555 
and a anall absorption band at 358 The stability of 
the color was determined by measuring the absorption spec­
trum at various time Intervals after initiation of the color 
reaction. In each case the extinction coefficient at the 
555 1^ maximum decreased on standing* 
Antimony trichloride-activated ODH was deactivated by 
heating with activated charcoal, filtering, addition of a 
small quantity of aqueous S3H and finally vacuiim distilling 
to give a clear, colorless reagent. On standing in a clear, 
glass-stoppered bottle for several weeks, this product be­
came active due to decomposition, a process idiichwas has­
tened by heating. Free chloride ion was found in this ac­
tive reagent. It was postulated that hydrogen chloride was 
one of the decomposition products responsible for the ac­
tivation of the ODH. 
Olycerol •C-monoohlorohydrin gave weak color tests when 
activated by the same agents which activated ODH. The ab­
sorption spectrum of the color produced when vitamin A re­
acted with antimony trichloride-activated glycerol mono-
ohlorohydrin was not unlike that of the QDH-vitamin A color 
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except in magnitude. The monochlorobydrin color «aa only 
about half a a intenae as that produced by the ODH-vitamin A 
reaction when a 1:5 advent-reagent ratio «aa uaed. At the 
5:1 ratio the absorption at 373 was nearly the same with 
both reagents. Vacuum diatillation of 1,2,3-trichloropro-
pane with 1^ antimony trichloride failed to produce an ac­
tive reagent. It is concluded that no glycerol derivative 
thus far teated is aa effective aa a vitamin A colorimetric 
reagent as glycerol dichlorohydrin. This evidence supports 
the view that a hydroxyl group and two chlorine atoma, each 
on separate carbon atoms of a propane skeleton are required 
for maximum color formation with vitamin A. 
Solvent-reagent ratioa of 1:9, 1:7, 1:5, 1:3, 1:1, 
3:1, 5:1, 7:1, and 9:1 were tested. The extinction coef­
ficients at 555 ^were essentially the same when the 1:9, 
1:7, 1:5 and 1:3 ratios were employed. As the ratios were 
increased above 1:3, the absorption at 555 ^decreased 
while the abaorption at 338, 353, 373, 397 and 422 ^ in­
creased. These maxima in and near the ultraviolet possibly 
indicate the formation of anhydrovitamin A. 
Pyridine, aniline, n-butylamine, aqueous ammonia aM 
epichlorohydrin inhibit the OOH-vitamin A color reaction. 
Aqueous KOH, ethanol, water and dioxane had some inhibi­
tory action. Apparently compotinda that react readily with 
HCl prevent the GDH-vitamin A color reaction. 
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Activated GDH reacted with ^carotene to form a pro­
duct vihlch absorbed strongly at and apparently above 1000 
Above 880 ^ the stability of the extinction coeffici­
ents decreased with increasing wavelength at which measure­
ments were made. 
A spectrophotometric study was made of the conversion 
of vitamin A acetate into anhydrovitamin A by the action of 
alcoholic hydrogen chloride* Absorption maxima occurred at 
348, 367 and 388 and an inflection at 333 The 367 ^ 
absorption band was the highest of the three principal bands 
and was the last to reach a maximum. 
The ODH-vitamin A color reaction was readily quenched 
by adding ethanol* The ultraviolet absorption spectrum of 
the clear solution resultiiag when the reaction was quenched 
within 1 ain\^te indicated the presence of a substance which 
absorbed at 335> 349 and 369 This absorption spectrtua 
closely resembled that of isoanhydrovitamin A* When the 
color reaction was permitted to stand for several minutes 
before quenching, the ultraviolet absorption showed the 
formation of some sort of degradation product with absorp­
tion bands at 261, 272 and 282 ^ 
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